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Preface

This is the fourth National Institutes of Health (NIH) Biennial
Report, which is required by Section 403 of the Public
Health Service (PHS) Act. Appendix A provides the language
in the PHS Act that is relevant to this report. NIH’s goal is for
this report to serve as a useful reference for understanding
NIH activities and operations, and the agency welcomes
feedback on it.

Chapter Organization

Chapter 1 opens with a statement from the Director of
NIH assessing the state of biomedical and behavioral
research. It then describes NIH structure, policies, and
procedures, focusing on the operations of the extramural
and intramural research programs; mechanisms for strategic
planning (including the activities and processes of the
Division of Program Coordination, Planning, and Strategic
Initiatives and its management of the Common Fund); and
various cross-cutting activities not covered in the chapters
that follow, such as programs that provide the platform
for discovery, including training and career development
activities and science literacy efforts.

Chapter 2 provides an overview of the NIH research
portfolio. The chapter includes the following sections:
e |dentifying Public Health Needs—Epidemiology

¢ Basic Research

e Preclinical Translational Research

¢ Clinical Research

e Postclinical Translational Research

e Information at the Service of Health

e Harnessing Technology

The chapter begins with a brief introduction describing
the full continuum of biomedical research at NIH. The
research continuum moves from basic research to
preclinical translational research, clinical research, and
finally postclinical translational research. In partnership
with the other agencies of the U.S. Department of Health
and Human Services (HHS), NIH aims to bring the rich
evidence base of its research into clinical and community
practice, ultimately turning discovery into health. The path
in the continuum is not strictly linear, because all steps of
biomedical research can inform and relate to other areas.

The introduction is followed by a summary of the NIH
research portfolio relating to these research stages, across
all of the Institutes and Centers (ICs) and Office of the
Director (OD) program offices. The summary includes
specific examples that illustrate how NIH research at each
stage of the continuum augments human knowledge and
improves public health. Chapter 2 also describes how

NIH ensures the uptake of research results by clinical
practitioners and the public. The chapter concludes with

a description of NIH-funded research technologies, which
provide innovative tools that are used within multiple steps
in the continuum and often provide the means for exchange
of information.

Chapter 3 addresses NIH research activities from the
perspective of diseases, disorders, and adverse health
conditions. The chapter includes the following sections:
e Cancer

e Neuroscience

e Life Stages, Human Development, and Rehabilitation

e Chronic Diseases and Organ Systems
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e Autoimmune Diseases

Infectious Diseases and Biodefense

Public Health Emergency Preparedness

Minority Health and Health Disparities

These topics, many of which are categories specified in
the PHS Act (see Appendix A), are grouped together to
address the intent of the statute by presenting information
on diseases, disorders, and adverse health conditions in
a standardized format. Each topic is addressed in a
separate section.

Chapter 4 addresses NIH Centers of Excellence, which

are diverse in focus, scope, and origin. The NIH Centers

of Excellence described in this report are a subset: those
established by statutory mandate. This chapter provides
overviews, progress reports for Fiscal Years (FYs) 2012 and
2013 (covering programmatic and research activities and
outcomes), recommendations, evaluation plans, and future
directions for the six congressionally mandated NIH Centers
of Excellence programs, which are described in the order of
their establishment:

Alzheimer’s Disease Centers (1984)

e Claude D. Pepper Older Americans Independence
Centers (1989)

e Senator Paul D. Wellstone Muscular Dystrophy
Cooperative Research Centers (2001)

e National Institute on Minority Health and Health
Disparities Centers of Excellence (2001)

e Rare Diseases Clinical Research Network (2003)

e Autism Centers of Excellence (2006)

The appendices present reference documents and
supporting data:

e Appendix A provides excerpts from the PHS Act that
set the legal mandate for this Biennial Report and the
inclusion of certain content within it.

e Appendix B contains excerpts of the Report of the
Aadvisory Committee on Research on Women’s Health.

e Appendix C provides the Common Fund Strategic
Planning Report, 2013.

e Appendix D lists and provides links to the missions and
strategic plans of the NIH ICs and the missions of the OD
program offices.

e Appendix E consists of data on the primary NIH research
training program, the National Research Service Award
program, the National Library of Medicine training
programs, and NIH graduate medical education activities.

e Appendix F contains excerpts of Monitoring Adherence
to the NIH Policy on the Inclusion of Women and
Minorities as Subjects in Clinical Research.

e Appendix G provides catalogs of disease registries and
other data systems.

e Appendix H provides information on actions undertaken
to carry out scientific frameworks on recalcitrant cancer.

e Appendix | lists NIH funding levels for chronic diseases
and organ systems.

e Appendix J contains a list of acronyms that are used in
this Biennial Report.
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Chapter 1: About NIH

Statement of the Director

It is my honor to present to Congress the Biennial

Report of the Director of NIH for FYs 2012 and 2013.
With congressional support, NIH continues to discover
fundamental knowledge about the nature and behavior
of living systems and to apply that knowledge to extend
healthy life and reduce illness and disability. As the largest
funder of biomedical research in the world, NIH has been
the driving force behind decades of advances that have
improved the health of people throughout the U.S. and
across the globe.

Remarkable Contributions

For more than 125 years, NIH has been at the forefront of
biomedical research, directing critical funding to research
institutions throughout the nation and the world and
stimulating lifesaving research breakthroughs. Begun as a
one-room Laboratory of Hygiene in 1887, NIH has grown
into a complex and multidisciplinary engine for discovery
and innovation, comprising 27 ICs.

Research advances made by NIH have prompted a
revolution in the diagnosis, treatment, and prevention

of disease. Thanks to discoveries funded through NIH
appropriations, NIH-supported research has met some of
our nation’s biggest health challenges. U.S. life expectancy
has increased dramatically over the past century and
continues to improve; between 1970 and 2010, the life
expectancy of the average American increased by

7.9 years.' Babies born today have an average lifespan
of more than 78 years, aimost three decades longer than
babies born in 1900.2 The infant mortality rate in the U.S.

" CDC National Center for Health Statistics. Health, United States, 2011: With
Special Feature on Socioeconomic Status and Health. Hyattsville, MD. 2012.
http://www.cdc.gov/nchs/data/hus/husi1.pdf.

2 Hoyert DL, et al. Nat Vital Stat Rep. 2012;61(6):1-51. PMID: 24984457 .

has decreased from 26 per 1,000 births in 1960° to 6.1 per
1,000 births in 2010,* and the outlook for premature infants
also has improved substantially.

In recent years, we have made impressive gains in the
fight against many common diseases. For example, in the
mid-20th century, cardiovascular disease caused nearly
40 percent of U.S. deaths, claiming the lives of many
people still in their 50s and 60s.5 Between 1968 and 2013,
deaths due to coronary heart disease and stroke decreased
by approximately 78 percent,® and these mortality rates
continue to decline.” NIH-supported research led to
minimally invasive techniques to prevent heart attacks and
highly effective drugs to lower cholesterol, control high
blood pressure, and break up artery-clogging blood clots.
NIH-funded interventions also have motivated people to
make lifestyle changes that promote health, such as eating
less fat, exercising more, and quitting smoking. These

and other factors have contributed to significant health
improvements for Americans. Moreover, the percentage

of all deaths attributed to heart disease and cancer, which
accounted for 60 percent of all deaths at their peak in
1983, has dropped to 46 percent of deaths in 2013.6

In addition to reducing risk factors for cancer,
groundbreaking NIH research led to the development of
vaccines against cancer. Two Food and Drug Administration
(FDA)-approved vaccines protect against cervical cancer
caused by human papillomavirus (HPV). These two
vaccines, Cervarix® and Gardasil®, prevent infection from
HPV types 16 and 18, which cause about 70 percent of all
cervical cancer. NIH research also has enabled advances in
treatment of other kinds of cancer. For example, research

8 MacDorman MF, et al. Vital Health Stat 20. 1993;20(20):1-57. PMID: 25328980.
4 MacDorman MF, et al. Nat Vital Health Stat Rep. 2014;63(5):1-6. PMID:
25252091,

5 Fox CS, et al. Circulation. 2004;110(5):522-7. PMID: 15262842.

5Xu J, et al. Natl Vital Stat Rep. 2016;64(2):1-119. PMID: 26905861.

"Hoyert DL, et al. Nat Vital Stat Rep. 2012;61(6):1-51. PMID: 24984457
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on improving prostate cancer treatments, including
radiation, chemotherapy, and hormonal therapy, has
contributed to a significant decline in the death rate from
this disease. Although prostate cancer remains the second
leading cause of cancer-related deaths among men in the
U.S., the death rate decreased from 38.4 to 21.9 deaths
per 100,000 between 1990 and 2010.

One of NIH’s greatest achievements over the past 30 years
has been to lead the global research effort against the
HIV/AIDS pandemic. Starting with basic research about how
HIV works, discoveries all along the biomedical research
continuum have led to the development of rapid HIV tests,
a new class of HIV-fighting drugs, and, ultimately, lifesaving
drug combinations. One study estimated that 14.4 million
years of life have been gained among adults around the
world since 1995 as a result of AIDS therapies developed
through NIH-funded research.® In addition to contributing

to progress on an HIV vaccine, NIH has led groundbreaking
research on using HIV therapies to prevent new infections in
people who are at high risk of infection.

An Economic Powerhouse

In accomplishing its mission, NIH promotes a healthier
population, resulting in a healthier workforce and thus a
stronger economy. NIH also directly effects the economy,
having propelled research advances for the last 60 years by
supporting a robust academic community that generates
biomedical knowledge, patentable inventions, and trained
scientists, including more than 140 NIH-funded Nobel
laureates as of 2013. NIH funding supports research
personnel at more than 2,500 institutions that are located in
all 50 states, the U.S. territories, and more than 90 countries
around the world.

Investing in NIH propels the U.S. economy by creating

jobs and supporting scientific enterprises such as small
biotechnology companies and scientific equipment sales.
For example, a Battelle report indicated that the country’s
$12.3 billion investment in the Human Genome Project from
1988 to 2012 has resulted in nearly $1 trillion of economic
growth—a 178-fold return on investment.® On a broader

8 Mahy M, et al. Sex Transm Infect. 2010;86(Suppl 2):ii48-55. PMID: 21106515.
9 Batelle. The Impact of Genomics on the U.S. Economy. 2013. http://web.ornl.
gov/sci/techresources/Human Genome/publicat/2013BattelleReportimpact-of-
Genomics-on-the-US-Economy.pdf.

scale, a United for Medical Research report shows that in
2013, NIH supported 405,000 jobs across all 50 states,
including jobs in almost every congressional district.’® Every
dollar invested by NIH gives back to our nation in multiple;
for example, in 2012, NIH extramural funding generated

an estimated $57.8 billion in new economic activity
nationwide —nearly double taxpayers’ investment.'

NIH funding is the foundation for long-term U.S. global
competitiveness in industries such as biotechnology,
medical devices, and pharmaceutical development.
Innovation in biomedical research in a knowledge-based
world economy has the demonstrable capacity to generate
growth and high-quality jobs and lead to better health

and better quality of life for all Americans. Investments in
biomedical research infrastructure, in scientists’ ideas, and
in workforce training spur innovation that will drive America’s
future growth.

Unprecedented Opportunities: Neuroscience

Although NIH aims to facilitate scientific breakthroughs

in all research areas, opportunities in neuroscience
research generated focused investment in FY 2012 and
2013. Following the passage of the National Alzheimer’s
Project Act in 2011, HHS released the National Plan

to Address Alzheimer’s Disease in May 2012, and NIH
hosted a research summit that same month to set forth

a research agenda in keeping with the Plan’s goals for
effective prevention and treatment approaches. The
recommendations focus on a spectrum of basic discovery
and translational research activities that will help guide
NIH investments in Alzheimer’s disease research. Although
NIH is still in the early stages of intensifying support in this
area, capitalizing on recent advances in cognitive, clinical,
behavioral, and molecular neuroscience research should
propel the field at a rapid pace.

The brain is often described as the last big frontier in
biomedical science, and as the technology used to study
the brain evolves, the potential to make inroads in our

0 Kennedy JV, et al. Healthy Funding: Ensuring a Predictable and Growing
Budget for the National Institutes of Health. United for Medical Research. 2015.
http://www2.itif.org/2015-healthy-funding.pdf.

" Ehrlich E. The Impact of a Sequester on the National Institutes of Health and
Implications for Jobs and the U.S. Economy. United for Medical Research. 2015.
http://www.unitedformedicalresearch.com/wp-content/uploads/2013/02/UMR
Impact _of Sequestration 2013.pdf.
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understanding of this complex organ also advances.

On April 2, 2013, President Obama launched the Brain
Research through Advancing Innovative Neurotechnologies
(BRAIN) Initiative, hailing it as “the next great American
project.” The BRAIN Initiative has been described as a
bold project that can not only transform our fundamental
understanding of the brain but also revolutionize our
approach to brain diseases.'? It is led jointly by NIH, the
Defense Advanced Research Projects Agency (DARPA) of
the U.S. Department of Defense (DoD), and the National
Science Foundation (NSF). The National Institute of Mental
Health (NIMH) and the National Institute of Neurological
Disorders and Stroke (NINDS) are the lead ICs for the

NIH BRAIN Initiative effort. Private organizations also

are committed to ensuring success through investment

in the initiative. As a result of this concerted effort,

new technologies will emerge that will lead to a better
understanding of the brain and ultimately may result in new
treatments and even cures for devastating disorders and
diseases of the brain and nervous system.

Unprecedented Opportunities:
Translational Science

At the core of NIH’s mission is basic research, and NIH-
supported basic biomedical research has deciphered
myriad physiological processes underlying health and
disease. However, translating these basic discoveries into
new and better treatments—long the purview of the private
sector—has proved challenging. To meet this challenge,
NIH established the National Center for Advancing
Translational Sciences (NCATS) in FY 2012. NCATS’
overall goal is to deliver more treatments to patients more
efficiently. The process of developing a novel drug, device,
or other intervention is a complex, costly, and risk-laden
endeavor; less than 1 percent of compounds initially tested
actually make it into patients” medicine cabinets. NCATS
was established to address this problem by discovering
new technologies and other approaches that could greatly
accelerate the process of developing and deploying
solutions that all translational researchers can use. NCATS
is distinct in that it focuses not on specific diseases

but on what is common among them and the scientific
underpinnings of the translational science process.

2 Insel TR, et al. Science. 2013;340(6133):687-8. PMID: 23661744.

Figure 1-1. Scientists funded by the NIH BRAIN Initiative

will develop tools to watch the unique firing patterns of many
neurons simultaneously in hopes of classifying them based on
physical characteristics, such as size and shape, and functional
characteristics, such as patterns of electrical activity. Credit:
Vincent Pieribone, Ph.D., John B. Pierce Laboratory, Inc.

An early step in the translational science process is
identifying molecular targets with therapeutic potential.
Profound advances in genomics have yielded a multitude

of potential targets, and new methods are needed to better
predict effective, clinically relevant targets. The failure rate of
drugs due to insufficient efficacy in Phase |l trials—the first
time a drug candidate is tested for efficacy in humans—is
more than 50 percent.'® To accelerate and streamline

the process of validating potential drug targets, NIH is
convening industry partners to develop infrastructure to
share pre-competitive data and knowledge across sectors.
Though still in early stages, these partnerships pose an
unprecedented opportunity for increased sharing and
collaboration that could increase the pace of drug discovery.

NIH is also engaged in other ways to speed the process

of finding effective treatments for diseases. Among the first
initiatives launched within NCATS is the Discovering New
Therapeutic Uses for Existing Molecules program, ' which
focuses on repurposing drugs that have been abandoned in

s Arrowsmith J. Nat Rev Drug Discov. 2011;10(5):328-9. PMID: 21532551.
4 http://www.ncats.nih.gov/ntu.
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the development pipeline or approved to treat other diseases.

The New Therapeutic Uses program matched biomedical
researchers with a selection of pharmaceutical drug
candidates to test ideas for new uses with the ultimate goal
of identifying promising new treatments for patients. In June
2013, NIH made nine awards totaling $12.7 million, targeting
diseases ranging from peripheral artery disease to muscular
dystrophy to schizophrenia.'® Although it is too early for
complete results, three of the studies were treating patients
within three months of the award, and one drug is showing
promising results in treating aortic valve calcification.

Rising to New Challenges

The need for new approaches to prevention, diagnostics,
and therapeutics is great. Despite the progress of the past
century, our nation continues to face daunting public health
challenges. Directly or indirectly, the chronic burdens placed
on our health care system affect the health and well-being
of all Americans. For example, Alzheimer’s disease affects
as many as 5.1 million people, and this number is expected
to skyrocket as the baby boomer generation grows older.
Obesity afflicts one-third of U.S. adults and 17 percent of
children. And an estimated 9.6 million adults in the U.S.
suffer from a seriously disabling mental iliness, such as
schizophrenia, bipolar disorder, or major depression.'® In
addition to these highly prevalent conditions, more than
6,800 rare diseases affect an estimated 25 to 30 million
Americans. Facing the challenges presented by the number
and complexity of diseases demands the innovative,
scientifically based solutions that NIH research facilitates.
Capitalizing on groundbreaking scientific achievements,
unparalleled technological developments, and policies that
continue to encourage scientists to collaborate and share
data should catalyze the pace of discovery. Although many
challenges lie ahead to improve health in this country,
investing in NIH research offers hope to patients, families,
and caregivers that a solution is within reach.

—Francis S. Collins, M.D., Ph.D.

'® http://www.ncats.nih.gov/ntu/projects.

'6 Substance Abuse and Mental Health Services Administration (SAMHSA).
Results from the 2012 National Survey on Drug Use and Health: Mental Health
Findings, NSDUH Series H-47, HHS Publication No. (SMA) 13-4805 (2013).

NIH’s Mission

NIH’s mission is to seek fundamental knowledge about the
nature and behavior of living systems and the application of
that knowledge to enhance health, lengthen life, and reduce
illness and disability.

NIH'’s goals are:

e To foster fundamental creative discoveries, innovative
research strategies, and their applications as a basis for
ultimately protecting and improving health

e To develop, maintain, and renew scientific human and
physical resources that will ensure the nation’s capability
to prevent disease

e To expand the knowledge base in medical and
associated sciences in order to enhance the nation’s
economic well-being and ensure a continued high return
on the public investment in research

¢ To exemplify and promote the highest level of scientific
integrity, public accountability, and social responsibility in
the conduct of science

In realizing these goals, NIH provides leadership and
direction to programs designed to improve the health of
the nation by conducting and supporting research on:

e The causes, diagnosis, prevention, and cure of
human diseases

e The processes of human growth and development

¢ The biological effects of environmental contaminants

e Mental, addictive, and physical disorders

It also directs programs for the collection, dissemination,
and exchange of information in medicine and health,
including the development and support of medical libraries
and the training of medical librarians and other health
information specialists.
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Overview of NIH Structure
and Organization

NIH is the primary federal agency for leading, conducting,
and supporting biomedical and behavioral research.
Composed of the OD and 27 ICs, NIH employs
approximately 18,000 people and is the steward of an
approximately $30 billion budget.’” The leadership and
financial support NIH provides to biomedical, behavioral,
and social science researchers extends throughout our
nation and the world.

Institutes and Centers

Each of the 27 NIH ICs has a focus on and expertise in a
specific disease (e.g., cancer, diabetes), organ system

(e.g., heart, eye), life stage (e.g., children, the aging
population), overarching field of science (e.g., human
genome, nursing, environmental health), or technology
(e.g., biomedical imaging, bioengineering, information
technology). The ICs support research and research training
through extramural activities, and most also conduct
research and research training through intramural activities.

Office of the Director

The OD comprises several offices that provide expert advice
to the NIH Director and his leadership team. It coordinates
policy across the NIH research community and administers
centralized support services essential to the NIH mission.

The NIH Office of Extramural Research (OER) provides the
corporate framework for NIH administration of research
grants and contracts, ensuring scientific integrity, public
accountability, and effective stewardship of the NIH
extramural research portfolio. Offices within OER include
the Office of Administrative Operations; the Office of Data
Analysis Tools and Systems; the Office of Extramural
Programs; the Office of Laboratory Animal Welfare; the
Office of Planning, Analysis, and Communication; the
Office of Policy for Extramural Research Administration;
and the Office of Research Information Systems.

7 http://www.nih.gov/about/almanac/appropriations/part2.htm.

The Office of Intramural Research (OIR) oversees and
coordinates intramural research conducted within NIH
laboratories and clinics. Offices within OIR include the
Office of Animal Care and Use; the Office of Human
Subjects Research Protections; the Office of Intramural
Training and Education; the Office of NIH History and
Stetten Museum; and the Office of Technology Transfer.

The role of the OD Division of Program Coordination,
Planning, and Strategic Initiatives (DPCPS]) is to identify
emerging scientific opportunities, rising public health
challenges, and scientific knowledge gaps that merit further
research; assist NIH in effectively addressing identified
areas; and develop and apply resources (databases, analytic
tools, and methodologies) that will support priority setting
and analyses of the NIH portfolio. The program offices within
DPCPSI are the Office of Strategic Coordination, which
manages the Common Fund; the Office of AIDS Research
(OAR); the Office of Behavioral and Social Sciences
Research (OBSSR); the Office of Disease Prevention (ODP);
the Office of Research on Women’s Health (ORWH);'® and
the Office of Research Infrastructure Programs (ORIP).™®
The Office of Dietary Supplements (ODS) and the Tobacco
Regulatory Science Program are components of the ODP.
The OD program offices fund research using IC award-
making authorities. ICs often partner with one of these
program offices to supplement their funding for a specific
program or project. However, ORIP directly funds research
through a separate award authority from those used by ICs.

The Common Fund was enacted into law by Congress
through the 2006 NIH Reform Act to support cross-cutting,
trans-NIH programs that require participation by two or
more NIH ICs or would otherwise benefit from strategic
planning and coordination. The requirements for the
Common Fund encourage collaboration across the ICs
while providing NIH with flexibility to determine priorities for
Common Fund support. To date, the Common Fund has

8 Appendix B contains excerpts of the Report of the Advisory Committee on
Research on Women'’s Health for FYs 2011 and 2012, which provides a summary
of the accomplishments of ORWH during this period, in addition to the website
address for the full report.

0 On December 23, 2011, President Barack Obama signed the Fiscal Year

2012 Omnibus Appropriations bill. As a result of this legislation, some of the
National Center for Research Resources (NCRR) programs and the NIH Office of
Science Education were transferred to the new Office of Research Infrastructure
Programs, DPCPSI, OD, NIH.
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been used to support a series of short-term, exceptionally
high-impact, trans-NIH programs, including the High-Risk,
High-Reward Research program, which supports several
awards to test new ways of fostering innovation and also
was authorized through the Reform Act.

Common Fund programs are intended to be:

e Transformative. Programs must have high potential to
dramatically affect biomedical and/or behavioral research
over the next decade.

e Catalytic. They must achieve a defined set of high-impact
goals within a defined period of time (5-10 years).

e Synergistic. Outcomes must synergistically promote and
advance individual missions of NIH ICs to benefit health.

e Cross-cutting. Program areas must cut across missions
of multiple NIH ICs, be relevant to multiple diseases
or conditions, and be sufficiently complex to require a
coordinated, trans-NIH approach.

e Unique. Programs must be something no other entity is
likely or able to do.

Appendix C provides excerpts from the Common Fund
Strategic Planning Report along with the website address
where the full report may be found.

OAR coordinates the scientific, budgetary, legislative,

and policy elements of the NIH AIDS research program.
OAR sets scientific priorities, enhances collaboration, and
ensures that research dollars are invested in the highest
priority areas of scientific opportunity that will lead to new
tools in the global fight against AIDS.

ORIP is dedicated to supporting research infrastructure and
research-related resources programs as well as coordinating
NIH’s science education efforts. Together, ORIP’s programs
support researchers with resources and research-related
resources they need to improve human health.

In addition, DPCPSI plans, supports, and provides technical
assistance in the development of program evaluations and
manages planning and reporting activities that support
HHS’s implementation of the Government Performance and
Results Act (GPRA) and the GPRA Modernization Act, and
other government-wide performance assessment activities.

ICs and OD Offices

The following is a list of NIH ICs and select OD program
offices that advise the NIH Director, develop NIH policy, and
provide essential NIH-wide oversight and coordination. The
ICs and Offices are presented in the order in which they
appear on the appropriations table in the Congressional
Justification.?® Appendix D provides brief descriptions

of the missions of the ICs and OD program offices and

links to their strategic plans. The mission statements and
links to strategic plans provided in Appendix D classify

and justify NIH priorities. Historical information about NIH,
including information on the establishment of the categorical
Institutes, Centers, and specialized offices, is maintained by
the NIH Office of History, a component of OIR that preserves
records of significant NIH achievements, innovative exhibits,
and educational programs to enhance understanding of NIH
biomedical and behavioral research.

Institutes and Centers:

e National Cancer Institute (NCI)
e National Heart, Lung, and Blood Institute (NHLBI)

e National Institute of Dental and Craniofacial
Research (NIDCR)

e National Institute of Diabetes and Digestive and Kidney
Diseases (NIDDK)

e National Institute of Neurological Disorders and
Stroke (NINDS)

e National Institute of Allergy and Infectious Diseases (NIAID)
e National Institute of General Medical Sciences (NIGMS)

e FEunice Kennedy Shriver National Institute of Child Health
and Human Development (NICHD)

e National Eye Institute (NEI)

e National Institute of Environmental Health
Sciences (NIEHS)

e National Institute on Aging (NIA)

20 The NIH Congressional Justification (“CJ”) provides the Senate and House
Appropriations Committees detailed estimates and justifications for research and
research support activities (infrastructure, administrative, etc.) that NIH would
anticipate funding at the President’s Budget Request level. More information
available at https://officeofbudget.od.nih.gov/br.html.
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e National Institute of Arthritis and Musculoskeletal and
Skin Diseases (NIAMS)

e National Institute on Deafness and Other Communication
Disorders (NIDCD)

¢ National Institute of Mental Health (NIMH)
e National Institute on Drug Abuse (NIDA)

e National Institute on Alcohol Abuse and
Alcoholism (NIAAA)

e National Institute of Nursing Research (NINR)
e National Human Genome Research Institute (NHGRI)

e National Institute of Biomedical Imaging and
Bioengineering (NIBIB)

¢ National Institute on Minority Health and Health
Disparities (NIMHD)

e National Center for Advancing Translational
Sciences (NCATS)

e National Center for Complementary and Alternative
Medicine (NCCAM)?!

e John E. Fogarty International Center (FIC)
e National Library of Medicine (NLM)

e NIH Clinical Center (CC)

e Center for Information Technology (CIT)

e Center for Scientific Review (CSR)

21 On December 16, 2014, President Barack Obama signed the Consolidated
and Further Continuing Appropriations Act of 2015, which changed the name

of NCCAM to the National Center for Complementary and Integrative Health
(NCCIH). The change was made to more accurately reflect the Center’s research
commitment to studying promising health approaches that are already in use by
the American public. The mission of NCCIH remained unchanged. For historical
accuracy, this report will refer to the IC as NCCAM.

Office of the Director:

Division of Program Coordination, Planning, and
Strategic Initiatives

Office of Extramural Research

Office of Intramural Research

Office of Management

Office of Science Policy

Office of Communications and Public Liaison

Office of Equal Opportunity and Diversity Management
Office of Legislative Policy and Analysis

Office of Ombudsman/Center for Cooperative Resolution
NIH Ethics Office

Office of the Chief Information Officer
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Extramural and Intramural
Research Programs

As noted, NIH supports research and research training
through extramural activities and conducts research and
research training through intramural activities. This
section provides overviews of the extramural and
intramural programs.

Extramural Research Program

More than $8 of every $10 appropriated to NIH is awarded
by the ICs to the extramural biomedical and behavioral
research community through grants and contracts. The
extramural research community is composed of scientists,
clinicians, and other research personnel affiliated with more
than 2,500 organizations, including universities, medical
schools, hospitals, and other research facilities located in all
50 states, the District of Columbia, Puerto Rico, Guam, the
Virgin Islands, and other countries. In FY 2013, NIH funded
the research of approximately 35,000 principal investigators
through research grants, and the projects supported many
thousands of additional personnel. With NIH support,

these investigators and their research teams conduct the
vast majority of research that leads to improvements in the
prevention, detection, diagnosis, and treatment of disease
and disability.

The NIH Deputy Director for Extramural Research provides
leadership and coordinates policy, guidance, and oversight
for IC grant and programmatic management operations and
is a conduit for extramural policy issues with the biomedical
research community beyond NIH. OER is where grants
policy, program coordination, compliance, and services
converge to support and sustain the NIH extramural
research program.

A key service OER provides for the NIH grants program is
the electronic Research Administration (eRA) system. eRA
supports the grant administration functions for grantees
and federal staff from the submission of applications to
the closeout of awards. eRA also provides services to
other operating divisions of HHS, as well as other federal
agencies, and supports more than 160,000 research
personnel worldwide.

Grants Overview

NIH announces the availability of funds for grant programs
by issuing Funding Opportunity Announcements (FOAs)?? in
the NIH Guide for Grants and Contracts® and on the
grants.gov website. Most NIH grants funding is for projects
that are investigator-initiated and submitted through
omnibus parent announcements that span the breadth of
the NIH mission. NIH uses program announcements (PAs),
requests for applications (RFAs), and other types of FOAs to
solicit applications for funding in targeted areas of research
identified through strategic planning. Because many FOAs
are trans-NIH opportunities, their preparation can involve
considerable collaboration. In 2010, based on input from
more than 1,000 stakeholders, OER implemented a shorter
FOA format that eliminates redundancy, limits administrative
detail, and directs applicants to the most up-to-date source
of information.

The main types of grant funding that NIH provides are
Research Grants (R series), Career Development Awards
(K series), Research Training and Fellowships (T and F
series), and Program Project/Center Grants (P series).
Activity codes that incorporate the funding series
differentiate the wide variety of research and research-
related awards NIH makes. The most commonly used
activity code is the RO1, which designates a grant for

a discrete, specified research project that is generally
awarded for 3-5 years. Receiving a first RO1 is a significant
professional achievement for a scientist, traditionally
marking attainment of scientific independence. Examples
of other activity codes are:

* R41/R42 and R43/R44 for the Small Business
Technology Transfer program and the Small Business
Innovation Research program, respectively.

e R21 for exploratory/developmental research projects.

e R15 for Academic Research Enhancement Awards that
support small-scale research projects at educational
institutions that have not been major recipients of NIH
research grants.

e R24 for resources that will enhance the capability of
research projects.

e R25 for research education projects.

22 An FOA is a publicly available document by which a federal agency makes
known its intentions to award grants or cooperative agreements. FOAs may be
known as PAs, RFAs, solicitations, or parent announcements

2 http://grants.nih.gov/grants/guide.
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e [32 for postdoctoral individual fellowships under the
National Research Service Award (NRSA).

e T32 for enabling institutions to make several NRSAs for
both predoctoral and postdoctoral training.

e K08, a career development award, for providing support
and “protected time” to individuals with a clinical doctoral
degree for an intensive, supervised research career
development experience.

e P01 for research program projects that are broadly
based, multidisciplinary, often long-term research and
have a specific major objective or a basic theme.

e P30 for shared resources and facilities at research centers.

ICs vary in the extent to which they use various activity codes.

Some funding mechanisms are applied to unique grant
activities. For example, NIEHS supports P42 grants, which
are part of the Superfund Research Program, a network of
university grants designed to seek solutions to the complex
health and environmental issues associated with the nation’s
worst hazardous waste sites. The program’s research is
funded and administered by NIEHS in coordination with the
U.S. Environmental Protection Agency (EPA), which is the
federal entity charged with cleaning up these sites, and the
HHS Agency for Toxic Substances and Disease Registry.

Contracts Overview

The Research and Development Contracts mechanism

is another means by which NIH supports research and
research-related activities. NIH typically uses research
contracts to acquire goods or services for the direct
benefit or use of the government. For example, contracts
may be used to support research in areas of significant
scientific interest, to further scientific knowledge, or to
achieve a specific research goal. A research contract
differs from a grant in a number of respects that are
designed to comply with provisions of the Federal
Acquisition Regulation. These differences include the
manner used to solicit and negotiate the requirement, the
level of NIH participation during contract performance,
and the control of study results. Research contracts are
awarded to universities, nonprofit organizations, and
for-profit organizations. NIH announces contract
opportunities in the NIH Guide for Grants and Contracts?*
and on the federal-wide FedBizOpps.gov website.?®

24 hitp://grants.nih.gov/grants/quide/description.htm.
% http://www.FedBizOpps.gov.

NIH Peer Review Process

All NIH grant, fellowship, and cooperative agreement
applications and contract proposals for research and
development funding undergo evaluation through peer
review, in which external expert panels determine which
applications or proposals are the most scientifically and
technically meritorious (for grants, the first tier of peer
review) and which are most programmatically relevant and
should therefore be considered for funding (for grants, the
second tier of peer review). The NIH peer review process
is designed to be fair, equitable, timely, and free of bias.
The two-tiered peer review system is mandated by statute
(Section 492 of the Public Health Service Act) and by federal
regulations governing “Scientific Peer Review of Research
Grant Applications and Research and Development
Contract Projects” (42 CFR Part 52h).2¢

The Center for Scientific Review (CSR) is the portal for
receipt and referral of NIH grant applications and is the
locus for the first level of review for most applications.
Applications relevant to the NIH mission receive two
assignments. One assignment is to an IC whose mission
encompasses the aims and objectives of the application
and therefore may be interested in funding the application.
The other assignment is to the Scientific Review Group
(SRG) that will conduct the first level of review, including
evaluation of scientific and technical merit. If the application
is in response to an RFA, the SRG most often will be
convened by the IC(s) responsible for the RFA. NIH uses
established referral criteria to determine the appropriate
SRG to carry out review and the 1C(s) most suitable to
potentially fund the project.

As noted above, the first level of review is conducted by
SRGs that evaluate and give expert advice on the overall
scientific and technical merit of the research proposed in
the application, as well as the protection of human subjects,
vertebrate animal welfare, and the budget and period of
support requested. SRGs conducting the first level of review
are composed primarily of nonfederal experts qualified by
training or experience in particular scientific or technical
fields, or authorities knowledgeable in the fields related to
the applications under review. No more than one-fourth of

26 http://grants.nih.gov/grants/peer _review_process.htm.
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the members of any SRG may be federal employees. SRGs
may include public members with perspective on the public
health impact of the research being considered.

The second level of peer review is performed by the national
advisory councils of the appropriate IC. National advisory
councils are composed of scientific and public members
chosen for their expertise, interest, or activity in matters
related to a specific area of science, health, or disease. The
vast majority of SRG-reviewed applications assigned to an
IC go to the IC’s Council,?” which then recommends which
applications should be considered for funding. Identifying
applications that further specific program priorities and
potential public health impact is a particularly important
function of this second level of peer review. Advisory
Councils recommend projects for funding but do not

make funding decisions.

Funding Decisions

Applications that are scientifically meritorious, based on
SRG review, and recommended by an IC’s national advisory
council are considered for funding. The score given to

an application during the initial peer review process is
important, but it is not the sole factor determining an IC’s
funding decision. Other considerations are portfolio balance,
public health needs, programmatic relevance, IC priorities,
requirements specified in congressional appropriations, and
availability of funds.

Many ICs establish a “payline,” which is a percentile-based?®
funding cutoff point that is determined at the beginning

of the fiscal year by balancing the projected number of
applications assigned to an IC with the amount of funds
that NIH and the IC expect to be available for such projects.
Applications that score within the payline are most likely

to be funded. For applications that are not percentiled

(e.g., applications reviewed by NIH ICs), ICs typically make
awards up to the funding limit set aside for that particular
funding opportunity. However, Advisory Councils consider,

27 An application may be designated “not recommended for further consideration”
(NRFC) at the first level of peer review if it lacks significant and substantial merit;
presents serious ethical problems in the protection of human subjects from
research risks; or presents serious ethical problems in the use of vertebrate
animals, biohazards, and/or Select Agents. Applications designated as NRFC do
not proceed to the second level of peer review (National Advisory Council/Board)
because they cannot be funded.

28 Percentile represents the relative position or rank (from 1 to 100) of each overall
impact/priority score.

evaluate, and make recommendations on applications that
score both within and outside the payline and funding limit.

Additionally, many ICs establish procedures for funding
applications that score beyond the payline or outside of

the funding limit. Terms used for this category of awards
vary by IC but include “select pay,” “exception pools,”

“high program priority,” and “special emphasis.” What is
consistent is the use of these funds, with strong justification,
to support highly innovative or high-program-priority
applications that score beyond the payline or outside

of the funding limit.

Before issuing an award, NIH ensures that the planned
research meets all requirements for safe and responsible
conduct. This includes making sure that the research

has undergone all necessary reviews and has obtained
required approvals from boards and committees charged
with protection of human subjects; inclusion of minorities,
women, and children; humane animal care and use;
biosafety; and other matters, as appropriate. NIH also
ensures that the institution where the research takes place
has systems, policies, and procedures in place to manage
federal funds and activities. Institutions also must have
policies in place that promote objectivity in research by
establishing standards to protect the design, conduct, and
reporting of NIH-funded research from bias resulting from
investigators’ conflicting financial interests.

Post-Award Administration

NIH policies extend into the post-award phase of research
as well, so that NIH can monitor research progress and
provide oversight. Scientific and administrative monitoring
includes reviewing yearly progress and periodic financial
reports submitted by grantees. NIH extramural staff
monitor grants to identify potential problems and areas
where technical assistance might be necessary. This active
monitoring is accomplished through review of reports

and correspondence from the grantee, audit reports, site
visits, and other information available to NIH.?*%%3" NIH
also monitors compliance with federal laws and policies
pertaining to protection of human subjects, the care and
use of vertebrate animals used in research, data sharing,

2 http://grants.nih.gov/grants/funding/sbir_sttr_invention_letter.ntm.
%0 http://grants.nih.gov/grants/quide/notice-files/not95-003.html.
31 https://s-edison.info.nih.gov/iEdison/timeline.jsp.



http://grants.nih.gov/grants/funding/sbir_sttr_invention_letter.htm
http://grants.nih.gov/grants/guide/notice-files/not95-003.html
https://s-edison.info.nih.gov/iEdison/timeline.jsp

Report of the Director, National Institutes of Health

FYs 2012 & 2013 11

the NIH Public Access Policy, and other matters. In addition,
oversight of clinical research may involve data and safety
monitoring and monitoring of inclusion of clinical research
participants by sex/gender, race, and ethnicity.

Intramural Research Program

Approximately 11 percent of NIH funds support research
and training activities carried out by NIH scientists in the
NIH Intramural Research Program (IRP). The IRP aims to
be a dynamic research environment for new generations
of imaginative scientists to conduct fundamental research
that reveals new principles of biology, provides new
understandings of human disease, and changes treatment
and prevention paradigms. The IRP research environment
also is designed to attract and train a highly-talented and
diverse cadre of scientists who will lead biomedical research
in the 21st century.

The IRP laboratories are located on NIH campuses in the
Bethesda, Rockuville, Frederick, and Baltimore areas in

Maryland; Research Triangle Park, North Carolina; Detroit,
Michigan; Phoenix, Arizona; Framingham, Massachusetts;

and the Rocky Mountain Laboratories in Hamilton, Montana.

Approximately 1,100 principal investigators lead intramural
research projects that involve more than 6,000 trainees
ranging from high school students to postdoctoral and
clinical fellows.

OIR is responsible for trans-NIH oversight and coordination
of intramural research, human subject protections, animal
welfare, training, policy development, laboratory safety,
and technology transfer conducted within NIH laboratories
and clinics. The Office is led by the NIH Deputy Director
for Intramural Research, and the IRP in each IC is led by

a Scientific Director who helps conduct oversight. The
Intramural Research Sourcebook includes a summary of
policies governing intramural research.®?

The NIH IRP conducts basic, translational, and clinical
research. Each IRP laboratory or clinic reports to its
respective IC and is responsible for conducting original
research consistent with the IC’s goals. Most ICs have an
IRP. As with the extramural program, intramural research
proposals are generated by scientists. In the IRP, however,

%2 http://sourcebook.od.nih.gov.

program directions and research priorities are not shaped
primarily through grant awards® but rather through
professional hiring and promotion decisions, external reviews,
and allocation of resources to laboratories and branches.

The IRP in each IC has a promotion and tenure committee
that evaluates all recommendations for professional
appointment or promotion, and tenured and tenure-

track scientists undergo formal internal reviews annually.
Resource allocations and promotions are determined based
on these reviews. In addition, at least every four years, an
external expert Board of Scientific Counselors reviews the
work of each tenured/tenure-track scientist and makes
recommendations regarding continuation or modification
of projects and adjustment of resources (e.g., budget,
space, and personnel). Moreover, IC Scientific Directors
are evaluated by an external committee every 5 years, and
each IC IRP is reviewed in its entirety by a “blue ribbon”
panel approximately every 10 years. These panels assess
and make recommendations concerning the impact of the
research program, program balance, and other significant
matters that play a role in the program’s success.

Several offices manage research training for the IRP. The
Office of Intramural Training and Education helps trainees in
the program (including graduate students who are hosted

by the IRP in partnership with universities in the U.S. and
abroad) to develop scientific and professional skills needed to
become leaders in the biomedical research community. The
Office of Clinical Research Training and Medical Education
covers all aspects of clinical training. In addition, most ICs
have a Training Director who oversees their trainees.

NIH also provides primary administrative and research
capacity for the National Toxicology Program (NTP), a
federal interagency research program headquartered at
NIEHS. NTP’s goal is to safeguard the public by identifying
which of the thousands of chemicals and other substances
that humans are exposed to in the environment are toxic
and may affect human health. Currently, NTP is studying
endocrine disruptors, cell phone radiation, nanomaterials,
dietary supplements, industrial chemicals, pharmaceuticals,
and contaminants of drinking water to determine their

% The exception is that intramural investigators are eligible to compete for some
Common Fund initiatives so qualified intramural researchers can contribute to the
goals of Roadmap programs.
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Figure 1-2. The CC Special Clinical Studies Unit (SCSU) is an
inpatient unit designed to facilitate the optimal performance
of clinical research protocols involving frequent interventions.
The unit’s state-of-the-art infrastructure (isolation capabilities,
staff training, and infection control algorithms) allows for the
study of patients harboring potentially infectious pathogens or
for the performance of clinical research protocols involving the
use of potentially infectious vectors (e.g., attenuated live virus
vaccine challenge studies). Pictured is an SCSU nurse wearing
Personal Protective Equipment. Credit: SCSU.

ability to cause cancer, damage genes, affect reproduction,
and cause a variety of other health effects. The Program

is developing approaches to advance high-throughput
(high-speed and high-quantity) screening of chemicals, to
reduce the number of animals used in research, and to
apply systematic review methodology to literature-analysis
activities to address questions in environmental health.3

% Birnbaum LS, et al. Environ Health Perspect. 2013;121(4):A108-9. PMID:
23548834.

NIH Clinical Center

The majority of NIH clinical research takes place at teaching
hospitals around the country and overseas. However, at any
given time, approximately 1,500 studies are in progress at
the NIH Clinical Center (CC) in Bethesda, Maryland. The CC
opened its doors in 1953, but the scope of NIH research
expanded significantly with the opening of the Mark O.
Hatfield Clinical Research Center in 2005.

The CC is the nation’s largest hospital devoted entirely to
clinical research. Each year, it serves more than 10,000 new
patients and supports more than 50,000 inpatient days

and 95,000 outpatient visits. In addition to approximately
1,200 credentialed physicians, dentists, and postdoctoral
researchers, it houses more than 600 nurses and 450 other
allied health professionals, including pharmacists, dieticians,
medical and imaging technologists, therapists, and medical
records and supply staff. Since the hospital opened, it

has hosted nearly 500,000 clinical research participants.
Because the CC is a research facility, only patients with the
precise kinds or stages of illness under investigation are
admitted for treatment. It has no emergency room and no
labor and delivery services. Most patients are referred by
their physicians, but approximately one-third self-refer via
the Internet.

In addition to the CC on the main campus, NIH supports
satellite clinical research facilities through various ICs. For
example, the NIEHS Clinical Research Unit, located on the
institute’s North Carolina campus, is focused on studying
the interactions of genetics and environmental exposures in
the development of disease, conducting pharmacokinetic
studies on environmental chemicals, and identifying
populations at increased risk, with the goal of developing
novel preventive and therapeutic strategies to address
human disease.
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Providing the Platform
for Discovery

Research Training and
Career Development

The biomedical and behavioral research that NIH conducts
and supports—ranging from basic to applied—has long
been recognized as critical to advancing the quality of
health care in the nation and the world. As a result of NIH
research, diseases such as AIDS, stroke, heart disease, and
diabetes are being treated or prevented more successfully.
Further research undoubtedly will lead to new or improved
medical therapies for a spectrum of diseases and disorders.
However, new advances in prevention, diagnosis, and
treatment largely depend on the creativity, insight, and
resources of the best scientists, and for these benefits to
continue, there must be a regular source of highly trained,
well-equipped, and innovative new investigators. Research
training is where it all begins.

NIH research training and career development programs

are designed to prepare new researchers to solve emerging
problems in medicine and health. They aim to ensure that
diverse pools of highly trained scientists are available in
sufficient numbers and with appropriate expertise to generate
new discoveries, take advantage of rapidly moving scientific
developments, and bring science to bear on complex and
evolving health care challenges. By sponsoring research
training and career development programs in universities,
teaching hospitals, NIH laboratories, and other research-
intensive settings, NIH expects to ensure that trainees and
newly trained investigators will not only be exposed to the
latest research findings and techniques but also will be
positioned to respond to developing national and international
public health needs. NIH makes extra efforts to foster new
investigators who focus on under-researched areas, such

as clinical and translational research, rare diseases, health
disparities, and global health issues.

The task of assessing and predicting research personnel
needs across the entire spectrum of health-related
research—basic biomedical sciences, behavioral and social
sciences, clinical sciences, oral health sciences, nursing
research, health services research, and the interdisciplinary
junctures between fields —is daunting. Aligning the requisite
expertise with public health needs is complicated by the
evolving nature of research, the time required for research
training, the international nature of research, and the mobility
of the global research workforce. Preparing for a career in
research generally requires a commitment of 8-10 years or
more of predoctoral and postdoctoral training and career
development; in the meantime, science is advancing, new
diseases are emerging, and existing diseases are becoming
better understood, diagnosed, and prevented.

In determining how best to address the continuing need
for biomedical and behavioral scientists, NIH is guided
by regular analyses of the research workforce. NIH
routinely evaluates the outcomes of its training programs
by comparing the subsequent research involvement of
students and postdoctoral scholars who participate in
NIH research training with that of their counterparts

who were trained through other sources. Beyond such
agency-wide assessments, individual ICs determine the
need for new scientific personnel in mission-specific
research areas through targeted evaluations, input from
extramural investigators, and guidance from their national
advisory councils.

NIH offers a broad range of research training and career
development opportunities through institutional training
awards, individual fellowships, individual and institutional
career development awards, research education programs,
workshops, research grants, and supplements to promote
diversity or reentry into health-related research careers.
Although its programs are largely directed toward graduate
students and newly trained investigators, NIH offers a
number of highly focused training and career development
opportunities for individuals at other career stages, from
college students to established scientists.
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Catalog of Research Training Activities

In response to the mandate under Section 403 (a)(4)(C)(iv) of
the Public Health Service Act to provide a catalog of research
training activities, Appendix E includes the following:

e Funded Ruth L. Kirschstein NRSA and NLM Institutional
Research Training Grants, FYs 2011, 2012, and 2013

e Funded Kirschstein-NRSA Individual Fellowship Awards,
FYs 2011, 2012, and 2013

Trans-NIH Programs and Initiatives

Training for a career in research typically requires a
combination of specialized coursework and hands-on
research experiences under the guidance of an established
investigator. Most NIH-funded research training activities
focus on predoctoral students and postdoctoral scholars.
They are provided either through training grants (T awards),
which are awarded to institutions to support a coordinated
program of training for a group of students or scholars, or
fellowships (F awards), which directly support an individual’s
training. The principal (in terms of size and breadth of
coverage) NIH research training program for U.S. citizens
and permanent residents is the Ruth L. Kirschstein NRSA
program.®® The program’s goal is to support promising
students and postdoctoral scholars with the potential to
become productive, independent investigators in fields
relevant to NIH’s mission. Training activities can be in

basic biomedical or clinical sciences, in behavioral or

social sciences, in health services research, or in any other
discipline relevant to the NIH mission, and they always
include instruction in the responsible conduct of research. All
ICs with funding authority award NRSA institutional research
training grants, except FIC and NLM. Reflecting the unique
nature of their missions, these two ICs have distinct training
authorities, separate from the NRSA program.

Through the NIH-wide program of NRSA institutional
training grants and fellowships, NIH ICs supported more
than 16,500 graduate students and postdoctoral scholars
at universities, teaching hospitals, and research centers in
nearly every state in FY 2013. Institutional training grants
form the core of NIH'’s research training programs, providing
support to more than 80 percent of all NRSA program

% http://www.nigms.nih.gov/Training/IndivPredoc/Pages/default.aspx.

participants. Training grants play a particularly important
role at the predoctoral level: approximately 60 percent of
trainees are graduate students, who are often engaged

in coursework and laboratory rotations in preparation for
identifying an area of research for in-depth study. See
Appendix E for a breakdown of the demographics of NRSA
participants and a summary of the number and type of
doctoral degrees awarded to predoctoral NRSA recipients.

Individuals interested in research training in universities or
departments that do not offer institutional training grants,
as well as advanced students and postdoctoral scholars
seeking tailored training opportunities, can apply directly
to NIH for individual research training fellowships. NRSA
fellowships provide recipients with valuable experience

in initiating and testing their own research ideas before
becoming full-fledged investigators.

Across NIH, NRSA training grants and fellowships help
ensure the diversity of the research workforce by promoting
research training opportunities for individuals from
populations and backgrounds typically underrepresented

in research. At the graduate and postdoctoral levels, NIH
policy requires institutional training grant directors to take
steps to recruit trainees from underrepresented groups,
including racial and ethnic minorities and individuals with
disabilities. Through the Ruth L. Kirschstein NRSA for
Individual Predoctoral Fellowships (F31) to Promote Diversity
in Health-Related Research,® NIH also provides graduate
students from underrepresented groups with opportunities
to pursue research training through individual fellowship
awards. Because recruiting talented individuals into research
training programs requires a pool of prepared applicants
from which to draw, NIH offers undergraduate research
training to honors students at selected institutions who are
interested in a research career and who intend to pursue
postgraduate education leading to a Ph.D., M.D./Ph.D., or
other combined research degree.

The relative diversity of research training participants
reflects NIH’s commitment to cultivating a broad-based
scientific workforce. Among FY 2013 trainees and fellows
who reported their race and ethnicity, 65.6 percent were
white, 15.3 percent were Asian, 6.7 percent were African
American, 10.2 percent were Hispanic, 0.4 percent were

% http://grantsi.nih.gov/grants/guide/pa-files/PA-11-112.html.
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Native American, and 0.2 percent were Native Hawaiian
or Pacific Islanders. More than 52 percent of trainees and
fellows in FY 2013 were women.

NRSA training grants and fellowships may target broad-
based or field-specific research training, depending on the
needs identified by the administering IC. In recent years, this
flexibility has allowed the NRSA program to accommodate
interest in greater integration of training activities across NIH
in order to fulfill workforce needs shared by multiple ICs.

Notable examples include the training grants and
institutional career development awards in clinical and
translational research that have been incorporated into
the growing network of Clinical and Translational Science
Awards (CTSAs)*” administered by NCATS. Now active at
more than 60 sites around the country, the CTSA program
provides research training and career development
opportunities in areas such as clinical research design,
epidemiology, biostatistics, pharmacology, biomedical
informatics, behavioral science, and ethics to more than
750 NRSA trainees and new investigators annually.
CTSA trainees are included in the NRSA data provided in
Appendix E.

Additional trans-NIH training endeavors include the Big
Data to Knowledge (BD2K) programs and the NIH Blueprint
for Neuroscience Research. The BD2K initiative, launched
in 2012, supports research, implementation, and training

in data science and other relevant fields. NIH Blueprint for
Neuroscience Research programs also are providing the
next generation of scientists with extraordinary opportunities
for training in integrated neuroscience. This cooperative
effort between 15 ICs and Offices, under way since

2004, supports opportunities for research education for
undergraduates and more advanced training programs in
neuroimaging and computational neuroscience.

Career development opportunities also have been
developed through interagency partnerships. Through
the NIH-FDA Tobacco Regulatory Science Program,

a series of career development award programs have
been issued for junior investigators conducting tobacco
regulatory research. This partnership marries the tobacco
regulatory science expertise and resources of the FDA
with the NIH biomedical, behavioral, and social sciences

57 http://www.ncats.nih.gov/ctsa.

research expertise. Another trans-NIH initiative is the Early
Independence Awards.®® These awards, supported by

the Common Fund, provide newly trained scientists who
have the intellect, scientific creativity, drive, and maturity to
flourish independently with a chance to forgo the traditional
period of postdoctoral training after receiving their doctoral
degree and pursue their own program of independent
research. To date, Early Independence Awardees have
lived up to their exceptionally high potential, publishing
numerous high-impact papers, uncovering groundbreaking
scientific insights, and earning recognition from the Forbes
“30 Under 30” and the Presidential Early Career Awards
for Scientists and Engineers.

NIH recognizes that traditional research-intensive

positions are not the only means by which newly trained
investigators can contribute meaningfully to the biomedical
research enterprise. The Common Fund’s Strengthening
the Biomedical Research Workforce program® aims to
enhance training opportunities for early-career scientists to
prepare them for a variety of career options in biomedical
research through a series of Broadening Experiences in
Scientific Training (BEST) awards. Awardee institutions
collaborate with nonacademic partners to ensure proven
approaches can be disseminated broadly and adopted by
the biomedical research training community.

As one component of a trans-NIH strategy to attract and
retain talented individuals from all sectors of the population

in biomedical research, the Common Fund launched the
Enhancing the Diversity of the NIH-Funded Workforce
program in FY 2013.%° This program consists of three highly
integrated initiatives: the Building Infrastructure Leading to
Diversity (BUILD) initiative, which is a set of experimental
training awards designed to learn how to attract students
from diverse backgrounds into the training pipeline and to
encourage their persistence in biomedical research careers;
a National Research Mentoring Network, which is developing
novel mentoring strategies, establishing standards and
training for mentors, and developing a diverse network

of mentors and mentees across the country; and the
Coordination and Evaluation Center, which works across all
initiatives and awardee institutions to determine what works
and for whom and disseminates lessons learned to the broad
biomedical research training community.

% http://commonfund.nih.gov/earlyindependence.
39 http://commonfund.nih.gov/workforce/index.
40 http://commonfund.nih.gov/diversity/index.
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Figure 1-3. Kirti Magudia, Marie Tran, Sharline Madera, and
Nicole Ramsey of the Weill Cornell/Rockefeller/Sloan-Kettering
Tri-Institutional MD-PhD Program. Credit: Topher Cox.

In addition to its formal research training programs, NIH
supports graduate and postdoctoral research experiences
on research grants. Though this support is not an NIH
“program” per se, its impact is significant. Graduate
students and postdoctoral scholars acting as research
assistants —often before or after a NRSA training grant
appointment or fellowship—gain knowledge, skills, and
experience that help prepare them for careers in research.
To gain a better understanding of how graduate students
and postdoctoral fellows contribute to research projects,
in FY 2010, NIH asked investigators to identify all research
project personnel on their annual progress reports. In 2013,
NIH expanded that effort to collect information on the
educational and demographic backgrounds of all students
and postdoctorates working on NIH research projects.

The importance of networking, mentoring, and having good
counsel for establishing a career as a scientist cannot be
overstated, but these are especially important for women
of color and other minorities. In 2012, NIH established the
Women of Color Research Network, an online resource

to connect women of color and others in the biomedical
sciences with peers and potential mentors, assist them

in navigating the NIH grants process, and help them find
advice on their career development. The network has now
grown to approximately 1,300 members.

IC Programs and Initiatives

Because each NIH IC has its own research mission,
individual ICs are responsible for determining how the
national workforce needs apply to their specific scientific
fields, selecting individuals and institutions for NRSAs

or other research training awards to meet the needs
identified, and reviewing annual progress toward building
or enhancing capacity in the research workforce. Areas
targeted for research training initiatives reflect the full array
of NIH interests, from basic research training in biology and
chemistry to clinical and translational research training in
fields like cancer, infectious diseases, and aging.

To ensure a supply of investigators attuned to the challenges
of both research and patient care, ICs also make awards

for M.D./Ph.D. and other types of dual-degree training. The
oldest and largest of these programs is the NIGMS Medical
Scientist Training Program, which supports exceptional
students pursuing an integrated program of graduate
training in the biomedical sciences and clinical medicine.
NIGMS also manages the Institutional Development Award
(IDeA) program, which aims to ensure biomedical and
behavioral research excellence throughout the U.S. by
broadening the geographic distribution of NIH funding for
biomedical research. The IDeA program fosters health-related
research, enhances the competitiveness of researchers in
states in which NIH support historically has been low, and
serves specific populations such as rural and underserved
communities in these states. The IDeA program strengthens
the research capabilities of biomedical faculty and their
institutions and provides promising undergraduate students
with access to biomedical resources.

Reflecting the FIC mission to foster global health research
and build research capacity in low- and middle-income
countries, FIC institutional training grants (D43s) differ from
those offered by the NRSA program or by NLM by allowing
a broader range of participants and emphasizing the
development of institutional partnerships and collaborations
between U.S. and international universities and scientists.
Most FIC research training programs target individuals
from low- and middle-income nations, but several
programs provide opportunities to U.S. students and
postdoctoral fellows interested in global health research.
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Figure 1-4. Jessica Manning, M.D., conducted malaria
vaccine research as a Fogarty International Clinical Research
Scholar in Mali. Credit: Jessica Manning.

Ultimately, the aim of FIC’s research training programs is to
strengthen sustainable research and collaborative research
partnerships in the developing world.

FIC’s programs build a research pipeline that is anchored
to peer-reviewed research grants and designed to be
collaborative, long-term, and flexible. For example,

FIC’s Global Health Program for Fellows and Scholars
provides supportive mentorship, research opportunities,
and a collaborative research environment for early-stage
investigators from the U.S. and low- and middle-income
countries to enhance their global health research expertise
and their careers. FIC also offers training grants, such as
the International Research Ethics Education and Curriculum
Development Award, that not only enhance the career
development of individuals from developing countries but
also strengthen and sustain the capacity to support ethical
clinical and public health research at home institutions.

NLM’s research training portfolio generally parallels the
structure and requirements of the NRSA program and
reflects NLM’s unique role as the primary federal sponsor
of biomedical informatics research and training. NLM
prepares the next generation of informatics researchers
and health information specialists through institutional

research training grants (T15s)*' that support graduate and
postdoctoral training in a broad range of topics, including
health care informatics, translational bioinformatics, clinical
research informatics, and public health informatics, as well
as some specialized areas such as imaging and dental
informatics. NLM also offers a fellowship on the NIH
campus designed to attract physicians and others to NIH
to pursue research in clinical informatics. Unlike NRSA
research training awards, some NLM training programs
are open to master’s degree holders seeking further
graduate-level coursework and hands-on training. In
addition, NLM offers summer and year-round opportunities
for students from high school through advanced graduate
levels to collaborate with research staff on ongoing
research and development projects in medical informatics
and biomedical computation.

As outlined in the 2008 National Advisory Mental Health
Council Workgroup on Research Training,*> NIMH
encourages the recruitment, training, and retention

of outstanding physician-scientists from diverse
backgrounds. To support advanced research experiences
for outstanding early-career physicians and medical
students from diverse backgrounds, NIMH launched an
administrative supplement program. The purpose of
this program is to improve the diversity of the mental
health research workforce by supporting and recruiting
early-stage investigators from groups that have been
shown to be underrepresented in scientific disciplines
relevant to mental health research on a national basis.*®

Similarly, NIDDK has established a Network of Minority
Health Research Investigators (NMRI)* to raise the
number of minority researchers and to increase research
on health disparities. The goal of NMRl is to foster

a communication network of current and potential
biomedical research investigators and technical personnel
from traditionally underserved communities. This Network
is led by the NIDDK’s Office of Minority Health Research
Coordination and has approximately 300 members.

41 http://www.nlm.nih.gov/ep/GrantTrainInstitute.html.

“2 http://www.nimh.nih.gov/about/advisory-boards-and-groups/namhc/reports/
investing-in-the-future 42525.pdf.

43 http://grants.nih.gov/grants/guide/notice-files/NOT-MH-12-019.html.

4 http://www.niddk.nih.gov/research-funding/process/diversity/network-minority-
research-investigators/Pages/default.aspx.
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Figure 1-5. NIMHD’s third Translational Health Disparities Course participants and staff. Credit: Ernie Branson, NIH.

In 2013, NIMHD offered the third Translational Health
Disparities Course: Integrating Principles of Science,
Practice, and Policy in Health Disparities Research. The
two-week intensive course, offered on a competitive

basis to 80 individuals from the extramural community
and from federal agencies, focused on integration of
disciplines (including biological, social, behavioral, physical
and environmental sciences, and law and economics) to
understand science, practice, and policy issues in health
disparities research.

Challenge competitions* can be a creative mechanism
to support training and career development. NIBIB held
annual Design by Biomedical Undergraduate Teams
(DEBUT) Challenges in 2012 and 2013 for undergraduate
students to develop innovative solutions to unmet

health and clinical problems. Incentives such as these
can serve as a launching pad for the next generation of
innovators; past winners have gone on to create start-up
biotechnology companies.

4 Challenge and prize competitions are one path that federal agencies take

to drive innovation and solve mission-centric problems. With a challenge
competition, a “seeker” poses a problem or question to the public and “solvers”
respond and submit solutions. An agency only awards those solutions that meet
the criteria and are chosen as winners. More information available at https://www.
challenge.gov/.
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Figure 1-6. The low-cost spirometer pictured here won the
DEBUT Challenge in 2012 in the category of Technology to
Aid Underserved Populations and Individuals with Disabilities.
The spirometer addresses the lack of devices to measure
lung function for the diagnosis and monitoring of respiratory
diseases in the developing world, and it costs less than $10
(compare to $1,000-$2,000 for a traditional spirometer).
Credit: Sparo Labs.

Extramural Programs and Progress:
Career Development

Given the ever-quickening pace at which science

advances, investigators need opportunities to fully develop
their scientific expertise and stay up to date. NIH career
development awards (K awards)*® address this need.
Collectively, more than a dozen types of K awards support
investigators as they establish their research careers, pursue
new directions, or dedicate themselves to training and
mentoring the next generation of scientists. Like the T and F
training awards, some career development awards support
institutional activities to nurture careers, and others directly
support individual development.

Many career development awards are designed for
researchers at specific career stages, particularly
newly trained investigators. The NIH-wide Pathway to
Independence Award*” accelerates the transition from

46 http://grants.nih.gov/training/careerdevelopmentawards.htm.
47 http://grants1.nih.gov/grants/quide/pa-files/PA-11-197.html.

mentored to independent research by providing a bridging
mechanism of an initial mentored period of one to two
years followed by an independent phase, during which
awardees establish their own research programs and
apply for independent research support. Other “mentored”
career development awards provide support for a sustained
period of “protected time” for intensive research career
development under the guidance of an experienced
investigator. The expectation is that, with this experience,
awardees will be able to take the final steps toward
establishing independent research careers and becoming
competitive for new research project grant funding. At

the other end of the career spectrum, a number of ICs
provide career development opportunities to mid-career
and established investigators. These awards provide salary
support for outstanding senior scientists and recognized
leaders so that they can focus intensively on their research
and mentor new investigators.

NIH Training and Career Development
Program Evaluations and Assessments

Since the NRSA program was established in 1974, NIH
training programs have been reviewed and evaluated
regularly. The National Academy of Sciences (NAS) has
undertaken regular reviews of the medical research
workforce and recommended modifications in the size
and focus of the NRSA program. In addition, NRSA
program processes and outcomes are assessed regularly
through recurring program evaluations, and performance
is evaluated annually using GPRA measures. OER, which
oversees the NRSA program, coordinates these reviews.

NAS Reviews

Over the past 30 years, the NRSA program has been

the subject of more than a dozen studies by NAS, which
has provided expert guidance on the fields in which
researchers are likely to be required and on the number
of new investigators needed in the basic biomedical,
behavioral, and clinical sciences. In recent years, NIH
has followed recommendations from NAS committees for
enhancing stipend levels, promoting the early completion
of research training, and improving workforce data
collection and analysis.
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Evaluation of NIH Training and
Career Development Programs

Evaluations of the outcomes of NRSA research training
routinely have found that graduate students participating
in NRSA programs complete their degrees in a shorter
timeframe, are more likely to pursue research careers, and
have greater subsequent success in research compared
with students not participating in NRSA programs.*®
Similarly, assessments of NRSA postdoctoral training have
found that NRSA postdoctoral fellows are more likely to
successfully pursue research careers. A 2013 analysis
found that 30 percent of former NRSA postdoctoral fellows
received major NIH research grant funding within 10 years
of their fellowship training, whereas 15 percent of other
postdoctoral fellows did so.

Most recently, NIH evaluated the effects of its three most
widely used types of mentored career development awards:
K01, KO8, and K23. Comparing similar groups of funded
and unfunded applicants, NIH found that those who
received a career development award were more likely to
remain in research; publish their research findings; apply

for and receive major NIH research grants; and, for those
whose careers were tracked for sufficient time, apply for and
receive a grant renewal.*® Although all investigators receiving
these career development awards fared well, having a
mentored career development experience had the greatest
impact on M.D.s and M.D./Ph.D.s.

Government Performance and
Results Act (GPRA) Measures

Every year, NIH reports on NRSA research training
outcomes and program management using two GPRA
measures. With these measures, NIH seeks to assess
the quality of its programs and determine whether
substantial numbers of trainees and fellows are retained
in research careers by comparing the proportion of former
NRSA trainees and fellows who apply for and receive
NIH research grant support with that of their peers.
Subsequent NIH support is one of several indicators
that reflect the impact of NRSA research training on
participants’ ability to successfully pursue and sustain

a research career. To date, NIH generally has met these
GPRA measures because NRSA trainees and fellows
consistently outperform their counterparts.

4 https:/researchtraining.nih.gov/resources/data-outcomes-and-evaluations.
4 http://grants.nih.gov/training/K_Awards Evaluation FinalReport 20110901.pdf.

IC Training Evaluations

In addition to scheduled NIH-wide assessments of programs
coordinated through OER, individual ICs undertake periodic,
targeted evaluations to improve implementation and assess
outcomes of their own training programs.

Coordination and Oversight by the
NIH Office of Extramural Research

OER partners with ICs to coordinate and monitor awards for
research training and career development across NIH. With
active input from the ICs, OER establishes and implements
policies and guidelines for each program; determines broad
national needs for basic biomedical, behavioral, and clinical
research personnel; coordinates NIH-wide evaluations;
develops trans-NIH research initiatives in which NIH ICs
participate; and develops and maintains information systems
to enhance program efficiencies. OER convenes monthly
meetings of the NIH Training Advisory Committee to provide
an agency-wide forum to identify and discuss issues related
to research training and to provide opportunities to coordinate
activities pertinent to the review, administration, management,
and evaluation of training grants and fellowships.

Beginning in 2013, OER led the implementation of a series
of recommendations from the NIH Advisory Committee to
the Director Working Group on the Biomedical Research
Workforce to enhance NIH training programs through
modifications to existing training programs.®®" These
changes included:

¢ Allowing graduate students in all health research-related
fields an opportunity to compete for NIH graduate
fellowships (F30 and F31) by extending these programs
to all NIH ICs.

e Permitting more postdoctorates to transition to faculty
positions more quickly by increasing NIH’s overall
support for the K99/R00 Pathway to Independence
program and refocusing the eligibility period toward
earlier-stage investigators.

e Enhancing career planning and mentoring by promoting
the use of Individual Development Plans (IDPs) for all
NIH-supported graduate students and postdoctorates.

%0 http://biomedicalresearchworkforce.nih.gov/docs/Biomedical_research
wgreport.pdf.
51 http://biomedicalresearchworkforce.nih.gov/improve.htm.
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e Updating existing electronic systems and initiating the
development of new electronic systems to improve
the accuracy and breadth of data on training and
career outcomes.

e | eading the activities of the NIH Advisory Committee to

the Director Physician-Scientist Workforce Working Group.

Intramural Activities

The NIH intramural program provides opportunities for
students, postdoctoral scholars, and clinicians to gain
research experience within the more than 1,100 NIH
intramural laboratories. A multifaceted array of programs
provides a vibrant, scholarly environment and ensures strong
research training experiences for future investigators and the
continued professional development of intramural scientists.

Among the intramural program’s offerings are summer
internships for high school, college, and graduate students.
Recent college graduates who plan to apply to graduate
or professional school also can spend a year engaged

in biomedical research working side by side with NIH
scientists. Current graduate students can spend a summer
or a year as fellows engaged in biomedical research

Figure 1-7. NIDCR IRP staff generate 3-D images to
understand facial development and diagnose and treat
craniofacial disorders using cone beam computed tomography.
Credit: NIDCR.

at NIH. The Graduate Partnerships Program?? enables
students to pursue research toward their degrees at NIH

in partnership with a participating academic institution. By
linking academic environments with the breadth and depth
of research at NIH, the Graduate Partnerships Program
offers a unique graduate experience. Similarly, the Medical
Research Scholars Program®® provides research-oriented
medical, dental, and veterinary students an opportunity

to engage in a mentored clinical or translational research
project on the NIH campus. The NIDCR Office of the Clinical
Director oversees the Dental Clinical Research Fellows
Program, designed to provide training in the latest clinical,
translational, and basic research methodologies related to
dentistry and oral health.

Training opportunities continue when scholars gain their
graduate degrees. Year-round, NIH intramural laboratories
employ fellows from the U.S. and abroad, creating a
thriving, multidisciplinary intramural research community.
The Postdoctoral Intramural Research Training Award®*
allows recent doctoral degree recipients who are U.S.
citizens or permanent residents to enhance their research
skills in the NIH intramural environment. Trainees pursue
both basic and clinical research. A parallel program,
Visiting Fellowships, serves foreign national doctoral-level
scientists. NIGMS sponsors the Postdoctoral Research
Associate program, which provides laboratory experience
and intense mentoring to a selected group of fellows in the
IRP. For clinicians, NIH offers opportunities for residency
and subspecialty training, including graduate medical
education accredited programs. (For program completion
data, see Appendix E.) These graduate medical education
programs enable research-oriented clinicians to weave
research experience and training into their post-medical
school training.

In recent years, NIH’s IRP has increasingly focused on
helping graduate students and postdoctoral fellows
develop their career skills. To ensure that intramural
trainees and fellows can advance in their careers, NIH
offers courses in scientific writing, grant writing, and
presentation and teaching skills. In addition, intramural
trainees and fellows—indeed, all members of the NIH

52 https://www.training.nih.gov/programs/gpp.
53 http://www.cc.nih.gov/training/mrsp/index.html.
5 https://www.training.nih.gov/programs/postdoc irp.
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community —benefit from access to a wealth of NIH
courses, seminars, and science career resources,
providing information on both traditional and nontraditional
science careers.

NIH Loan Repayment Programs

The NIH Loan Repayment Programs® are a vital component
of our nation’s efforts to attract eligible doctoral-level
professionals to research careers in fields of special
importance, including clinical, pediatric, health disparities,
contraception and infertility, and AIDS research. To
encourage qualified scientists to pursue research in these
critical areas, the Loan Repayment Programs provide
financial assistance for educational debt in exchange for a
one-to-three-year research commitment, depending on the
program. More than 1,300 program participants each year
receive up to $35,000 annually in loan repayment and fulffill
their commitments by conducting research in nonprofit,
university, or government settings.

Science Education and Literacy

To remain a world leader in biomedical research, the U.S.
must encourage and support students’ curiosity and interest
in science throughout their education. NIH funds a number
of science education and literacy activities for students in
elementary school through college. These programs support
curriculum development, mentoring, outreach, and research
experiences designed to recruit individuals with specific
backgrounds to research careers or to increase the diversity
of the biomedical workforce.

NIH takes an active role in pre-college (K-12) science
education and in science literacy activities. These activities
aim to improve students’ science knowledge and skills,
attract young people to biomedical and behavioral science
careers, lay the groundwork for advanced study, enhance
public understanding of health science, and empower the
public as consumers of science and health information.
These programs continue to adapt to the current needs.

Curriculum supplements —ready-to-use, interactive teaching
units—are one of NIH’s science education efforts. Crafted
through a unique collaboration of NIH scientists, teachers,

% http://www.Irp.nih.gov/index.aspx.

and expert curriculum developers, the supplements are
aligned with state education standards and are consistent
with the National Science Education Standards. NIH has
shipped more than 470,000 curriculum supplements
upon request to K-12 educators across the nation.
Topics covered include “Cell Biology and Cancer,” “The
Brain: Understanding Neurobiology Through the Study

of Addiction,” “Exploring Bioethics,” and “Evolution and
Medicine” for high school biology classes and “The Science
of Healthy Behavior” and “Rare Diseases and Scientific
Inquiry” for middle schools.%®

NIH provides other types of school resources as well.
Findings is a semiannual magazine targeted to high school
and early college students that describes the excitement of
cutting-edge research, the interesting people who pursue
science careers, and the enjoyment they get from this work.%”
A companion website offers videos, podcasts, and interactive
games expanding on the printed material. NIH also offers
topical publications and school resources, such as slide

kits, online quizzes, and science puzzles, that are used by
teachers across the country to augment textbooks and enrich
the classroom experience. Subject areas include cell biology,
genetics, structural biology, chemistry, pharmacology, and
computational biology. Classroom posters linked to selected
publications also promote interest in science and research
careers and are tremendously popular.

The NIH Blueprint for Neuroscience Research, a cooperative
effort among 16 NIH ICs and Offices that support
neuroscience research, supports a K-12 Science Education
Award. NIH Blueprint funded eight science education
grants that seek to improve and enhance neuroscience
education in grades K-12 and to inspire future generations
of neuroscientists. The grants focus on providing innovative
neuroscience education to children throughout the U.S.
using a variety of mechanisms, such as interactive teaching
modules that can be accessed on iOS devices (e.g., the
iPad), innovative Web-based games for classroom use,
museum exhibits that include interactive components, and
classroom activities.

% These curriculum supplements are free to teachers and may be ordered at

http://science.education.nih.gov/supplements.
57 http://publications.nigms.nih.gov/findings.
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Figure 1-8. Screenshot of the GeneEd homepage. Credit: NLM.

NIH’s Science Education Partnership Award (SEPA) program
enables researchers, educators, and community groups to
share their knowledge, expertise, and enthusiasm about
health and science research with pre-kindergarten to grade
12 (P-12) students, teachers, and the general public.
SEPA-funded classroom- and museum-based projects
generate resources, including hands-on and problem-based
curricula, interactive health exhibits, fims, after-school and
summer student internships, and professional development
opportunities for teachers. The SEPA website is maintained
by the SEPA community and provides universal access

to educational resources, teacher training, health-based
museum exhibits, and evaluation models that are developed
through these SEPA-funded projects.%®

Individual ICs provide other science education resources.
For example, NLM and NHGRI have developed GeneEd,

a Web-based education resource designed to increase
genetic and genomic literacy. It provides access to genetics
research, study guides, lesson plans, experiments, and
activities for teachers and students in grades 6-12.5° NLM
also provides lesson plans for grades 3—-12 that incorporate
unique historical materials from the library and from its
varied scientific databases, covering topics such as Civil
War medicine, preventing the spread of infectious disease,
forensic medicine, and environmental science.®

% http://www.nihsepa.org.
% http://geneed.nim.nih.gov.

80 http://sis.nim.nih.gov/outreach/k12.html.

The NIDDK Short Term Research Experience Program for
Underrepresented Persons (STEP-UP)®' provides hands-on
summer research experience for high school and college
students interested in exploring research careers in the
biomedical, behavioral, clinical, and social sciences, with
an emphasis on diabetes, endocrinology, and metabolic
diseases; digestive diseases and nutrition; and kidney,
urologic, and hematologic diseases. STEP-UP seeks

to increase participation in biomedical sciences among
students from backgrounds underrepresented in biomedical
research, including individuals from disadvantaged
backgrounds, individuals from underrepresented racial

and ethnic groups, and individuals with disabilities.

Additional resources for teachers and students include
interactive online content to view and explore some of

the latest bioengineering creations from NIBIB-funded
research. From prosthetics to artificial kidneys, these
technologies will change lives now and in the future. NIBIB
also developed a 60 Seconds of Science video series for
use in high school classrooms.

NEI's Ask a Scientist video series is meant to inspire young
people to develop an early interest in research. In each
short video, an NEI scientist answers questions from middle
school children on topics such as how eyes work, optical
illusions, and how to become a scientist.®?

8 www.niddk.nih.gov/research-funding/process/diversity/research%20and-
training-for-students/short-term-research-experience-underrepresented-persons/
Pages/default.aspx.

82 https://nei.nih.gov/kids.
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Chapter 2: Overview of NIH Research

Introduction

NIH research focuses on both ongoing and newly emerging
public health needs. In pursuit of its mission to seek
fundamental knowledge about the nature and behavior of
living systems and to apply that knowledge to enhance
health, lengthen life, and reduce iliness and disability,

NIH conducts and supports biomedical and behavioral
research across a broad spectrum of scientific disciplines
and approaches. As these needs are identified, NIH applies
scientific approaches across a continuum of research
designed to understand basic causes and mechanisms

of disease, find new ways of identifying and interrupting
disease processes, and bring these new interventions into
common practice so that all may benefit. This continuum,
from basic research to practice, is outlined below (and
illustrated in Figure 2-1). NIH activities relating to each stage

7‘T"'E"ﬂsI:atil:ma“
€search

Figure 2-1. NIH Supports the Full Continuum of
Biomedical Research

of this continuum are then described in more detail in the
subsequent sections of this chapter. However, the path from
basic research to clinical practice is not a continuum in the
strictest sense, because all stages of the biomedical and
behavioral research endeavor, from basic to translational

to clinical, can inform other areas. For example, findings in
clinical research can provide new areas of inquiry in basic
science (see feedback arrows in Figure 2-1).

Basic Research

The research continuum begins with basic research, the
study of the fundamental mechanisms of biology and
behavior. Investments in basic biomedical and behavioral
research make it possible to understand the causes of
disease onset and progression. Basic research is essential
to the development of better diagnostics, the design

of preventive interventions, and the discovery of new
treatments and cures. Thus, basic research is a critical
component of the nation’s public investment in research
and a central feature of NIH'’s research program.

Preclinical Translational Research

Realizing the benefits of fundamental biomedical
discoveries depends on the translation of knowledge

into the development of new diagnostics, therapeutics,

and preventive measures. NIH is a key supporter of
preclinical translational research—studies that serve as a
bridge between basic research and human medicine. The
early translational stage applies fundamental laboratory
discoveries to the preclinical development of studies in
humans. Such early translational investigations are often
carried out using animal models, cultures, samples of
human or animal cells, or a variety of experimental systems,
such as computer-assisted modeling of disease progression
and drug therapy.

Disclaimer: Links in this chapter were last accessed on 2/11/2016.
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This is an extraordinarily exciting time for advancing
translational science and hastening development of

new cures. Through the application of genomic research
and high-throughput technologies, breakthroughs in
understanding the causes of many diseases, and identifying
new targets and pathways for the development of new
therapeutics are within reach. Coupled with these advances,
progress in technology and other fields of biomedical
research have advanced the potential for developing new
diagnostics and treatments for a wide range of diseases,
opening a door of opportunity in translational science.

Clinical Research

Medical advances arise from rigorous testing of new
strategies for recognizing and intervening in disease
processes, whether intervention occurs before a disease
manifests (prevention) or after it takes hold (treatment).
Clinical research is patient-oriented research that is
conducted with human subjects, including both studies that
involve direct interaction between investigators and human
subjects as well as the use of material of human origin,
such as tissues, specimens, and data that retain information
that would allow the investigator to readily ascertain the
identity of the subject. Clinical research includes clinical
trials, behavioral and observational studies, and testing

and refining new technologies.

Postclinical Translational Research

In order for evidence-based research to have an impact
on public health, NIH must ensure that new diagnostics
and interventions reach the populations that need them
most: patients, families, health care providers, and

the broader public health community. The postclinical
translational stage takes results from studies in humans and
optimizes them to have broad applicability. NIH supports
research that identifies factors that enhance access to
and implementation of new interventions, with the aim of
optimizing the health care delivery system to reflect the
latest medical advances.® Studies in this area include
developing and testing novel models and methods to
best implement newly discovered interventions to reach
diverse groups and populations (e.g., racial/ethnic groups,
rural populations).

8 Within HHS, NIH and AHRQ each support health services research.

Clinical and Community Practice

As an important part of NIH’s mission, each IC engages in
a broad-based effort to ensure that scientific findings are
communicated rapidly and clearly to the public. However,
simply communicating scientific breakthroughs and the
availability of new treatments does not assure that they

will be adopted in common medical practice. Nor does
simply communicating research results ensure that these
results will be used to inform policy-making. In addition to
its communication efforts, NIH works with many partners
to bring the rich evidence base of NIH research into clinical
and community practice, both in treatment and prevention
and in policy-making that affects public health. These
partnerships include all those engaged in improving health
and reducing the burdens of disease, including many
federal partners both within HHS—FDA, the Centers for
Disease Control and Prevention (CDC), and the Agency for
Healthcare Research and Quality (AHRQ)—and outside the
Department, such as the Veterans Administration (VA) and
DoD. NIH also partners with nongovernmental agencies,
scientific organizations, patient advocacy groups, and health
care delivery systems. These partnerships provide the
American public with a health care system that will enhance
health, lengthen life, and reduce iliness and disability.

Feedback Between Different Stages
of the Research Continuum

As mentioned above, the course of NIH research is not a
true continuum, because it does not necessarily progress
stepwise, nor does it move in only one direction. All areas
of biomedical and behavioral research, from basic to
translational to clinical, inform and influence other areas.
Basic research scientists provide clinicians with new tools
to use with patients, and clinical researchers make new
observations about the nature and progression of disease
that often produce feedback to stimulate new basic
investigations. Research on new outreach approaches
and the comparative effectiveness of prevention and
treatment strategies not only addresses the feasibility of the
strategies themselves but also informs the development of
future interventions.
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In the process of translating basic research into clinical
practice, NIH supports the development of research
technologies that provide innovative tools used at multiple
points in the continuum and often provide the means for
an exchange of information. With continued advancements
in high-throughput methods, computing technologies that
rapidly analyze increasing amounts of data, and interrelated
bioinformatics platforms, NIH researchers across the
spectrum are able to share technologies that were only
dreamt of a few years ago. As biomedical research
becomes more data intensive, so do the challenges for
researchers to release, locate, manage, analyze, and
interact with these data in the discovery and application
process. To capture the opportunities and address the
challenges facing all biomedical researchers, NIH has
launched initiatives to increase data sharing among
scientists and support new methods of managing and
analyzing complex and large datasets.

Identifying Public Health
Needs—Epidemiology

The mission of NIH, along with the rest of the Public Health
Service (PHS), is to address ongoing and newly emerging
public health needs. The 27 NIH ICs collectively house
expertise on a broad spectrum of diseases, populations,
and research support methods. Large-scale epidemiological
studies provide an ideal opportunity for researchers from
the various NIH components to work together on innovative
studies that examine diverse factors contributing to public
health and disease. Our investments in epidemiology and
public health also continue to pay off as NIH contributes

to the nation’s ability to detect emerging and re-emerging
diseases quickly, mitigate their health impacts, and improve
the nation’s resilience to future disease threats.

NIH Epidemiological Research Activities

Epidemiological studies examine factors that contribute to
health and disease in human populations using a broad
range of approaches and are a cornerstone of public health.
Researchers can follow individuals or groups over time in
longitudinal studies or collect a snapshot of information at

a single point in time. Studies can be done retrospectively,
examining outcomes that have already occurred and factors
that may have contributed to health or disease, or they can
be done prospectively, beginning to monitor a population of
interest before a particular disease-related outcome occurs.
Many epidemiological studies are observational in nature,
collecting information about and comparing groups—called
cohorts—made of individuals who share a characteristic

of interest (e.g., tobacco use, age, educational status).
Epidemiological research is important for investigating all
types of disease, and it draws on expertise from a wide
range of disciplines; thus, it is not surprising that virtually

all NIH ICs are involved with epidemiological research in
some capacity. For example, NLM supports research to
develop advanced, informatics-based surveillance systems
that monitor population health from a variety of sources
ranging from formal clinical data to informal Internet-based
newsfeeds as an innovative means for conducting public
health surveillance.
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Population Studies

Population studies are another type of epidemiological
research, aimed at providing a better understanding of
populations—how they change in size, composition, and
distribution; the complex social, economic, and cultural
factors that cause such changes; and the consequences of
population change for health and well-being at the individual
and societal levels. The population-based perspective
provided by such studies often helps to form a foundation
for the practical application of scientific knowledge,
including changes in clinical practice and the development
of public policy. For example, the Framingham Heart Study,
which was initiated in 1948, linked risk of cardiovascular
disease (CVD) to factors such as high serum cholesterol
levels, hypertension, and cigarette smoking. Based on these
results, clinicians were able not only to identify patients

at high risk for CVD but also to develop interventions that
reduce risk. The NIH Study of Osteoporotic Fractures finding
that bone mineral density (BMD) relates closely to fracture
risk contributed to Medicare’s decision to pay for numerous
people to get their BMD measured every two years. Many
people started taking bone-preserving drugs because of the
study’s results, and the rate of hip fractures dropped nearly
25 percent among female beneficiaries.®* The Osteoporotic
Fractures in Men study is providing a wealth of information
about steps men can take to improve their bone health.®
The rate of hip fractures in older men also is decreasing

as health care providers become more aware that fragility
fractures affect patients of either sex.

In-depth understanding and monitoring of public health

is a vital function of the PHS. In epidemiological research,
NIH often leverages its investment by working with other
agencies to collect population-based information. For
example, NIDCD collaborated with CDC to incorporate
several measures into CDC surveys to boost knowledge
on the prevalence of hearing, balance, taste, and smell
disorders. In the National Health and Nutrition Examination
Survey (NHANES), NIDCD supports a hearing component
(audiometry testing and related questions on hearing

loss and noise exposure in adults ages 20 to 69) and a
chemosenses component that consists of household
interview questions with taste and smell testing. In the

64 Brauer CA, et al. JAMA. 2009;301(14):1573-9. PMID: 19826027.
5 Cauley JA, et al. J Am Geriatr Soc 2013;61(7):180-8. PMID: 23855842.

National Health Interview Survey, NIDCD supported
development of the upcoming 2014 Hearing Supplement
questions for adults 18 and older and for children younger
than 18.%6:6” The adult questions were designed to provide
updated information on tinnitus (ringing in the ears), causes
of hearing loss, hyperacusis (an oversensitivity to certain
frequency and volume ranges of sound), exposure to noise
(including firearms), use of hearing aids, wearing of hearing
protection, and getting information from the Internet on
hearing aid devices and hearing protection. The questions
for children will ask parents about a child’s use of hearing
aids, hearing problems, hearing loss, ear tubes, hearing
tests, exposure to loud sounds or noises, and wearing of
hearing protection.

As part of the continuum from basic to applied research,
epidemiological studies often test the findings of laboratory
or clinical research at the population level. For example,
animal studies demonstrating the reproductive and
neurological effects of bisphenol A (BPA)—a common
component of plastics—have prompted large-scale
epidemiological studies to ascertain the exposure and
health effects of this chemical in humans. Additionally,
observations made through epidemiological studies often
result in the formulation of new or modified hypotheses
that spur new basic, translational, and clinical studies. For
example, epidemiological studies in the 1950s showing
that tobacco smoking increases risk of lung cancer led

to extensive research to identify the carcinogens and
mechanisms involved in tobacco-related carcinogenesis.
Thus, epidemiological studies are essential for linking
results from the bench to the patient bedside to the
general population.

Longitudinal Studies

NIH has invested in many important longitudinal studies,
which have yielded valuable insights. For example, NIA
supports a robust portfolio of longitudinal demographic
and economic research, including studies to examine
the consequences of population aging and changing

% 2014 NHIS Hearing Supplement Questions for Adult starting from page 41

of 81 to page 80 of 81. ftp:/ftp.cdc.gov/pub/Health Statistics/NCHS/Surve:
Questionnaires/NHIS/2014/english/gadult.pdf.

672014 NHIS Hearing Supplement Questions for Children starting from page 25
of 56 to page 50 of 56. ftp:/ftp.cdc.gov/pub/Health Statistics/NCHS/Surve

Questionnaires/NHIS/2014/english/gchild.pdf.
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economic circumstances on the health and well-being of
older people. The NIA-sponsored Health and Retirement
Study (HRS) is a premier multidisciplinary source of data
on the health and well-being of older Americans, linking
objective and subjective measures of health with information
about retirement, economic status, family structure,

and personality, as well as health behaviors and service
utilization.%® The HRS data have been used in several
high-impact publications featured in top medical journals,
including a recent study estimating the monetary costs of
Alzheimer’s disease,® and the study has become a model
for an international collection of aging studies that support
cross-national comparative research.

Two major NIAID-supported longitudinal studies continue

to be an important source of data and information about
many aspects of HIV/AIDS. The Multicenter AIDS Cohort
Study (MACS), which began in 1984, is the longest-running
HIV cohort study in the world and continues to elucidate the
natural and treated history of HIV infection in men who have
sex with men. The study prospectively follows thousands

of homosexual and bisexual men (HIV infected and HIV
uninfected but at risk) across multiple sites. The MACS has
contributed significantly to the scientific understanding of
HIV, AIDS, and the effects of antiretroviral therapy (ART)
through more than 1,000 publications, many of which have
guided public health policy and the clinical care of people
with HIV. Similarly, the Women'’s Interagency HIV Study
(WIHS),”® which marked its 20th anniversary in 2013, is the
largest and longest-running study to investigate the impact
of HIV on women in the nation. The study has helped define
how best to treat HIV-infected women in the U.S. and
globally. The WIHS has enrolled more than 4,100 women
who were HIV infected or at risk for acquiring HIV and has
published approximately 600 scientific papers.

NICHD established the Pediatric HIV/AIDS Cohort Study
(PHACS) in 2007 to address two critical research questions
in pediatric HIV infection: (1) what the long-term safety

of in utero and infant exposure to antiretroviral therapy in
HIV-exposed but uninfected infants is, and (2) what the
effects of perinatally acquired HIV infection in adolescents
are. Approximately 10,000 HIV-uninfected infants are born

8 http://hrsonline.isr.umich.edu/.
8 Hurd MD, et al. N Engl J Med. 2013;368:1326-34. PMID: 23550670.
0 https:/statepiaps.jhsph.edu/wihs/.

to HIV-infected pregnant women every year in the U.S.;
globally the number is several million. While decreasing
mother-to-child transmission (MTCT) of HIV has been a
major accomplishment and elimination of MTCT is now a
goal of the World Health Organization (WHO), establishing
the long-term safety of in utero exposure to antiretrovirals
is critical. The tremendous success of combination ART
has led to substantial declines in morbidity and mortality for
those children who are infected perinatally. Currently in the
U.S., approximately 11,000 youth were infected with HIV
perinatally. The vast majority are now progressing through
adolescence and entering young adulthood. Studies to
monitor the long-term outcomes of lifelong HIV infection
and its treatment are critical for this population, but they
also will provide important information for the millions of
perinatally HIV-infected children around the world who

now are benefiting from access to combination ART and
experiencing similar survival gains. Therefore, while PHACS
is a U.S.-based network performing studies with direct
relevance to the HIV-exposed, uninfected, and perinatally
infected populations in this country, the knowledge gained
has direct relevance for the clinical care of and the research
on these populations around the world.

Epidemiological Studies in Diverse Contexts

A comprehensive understanding of health and disease
requires considering factors from the molecular level to the
community level. Conducting studies in diverse contexts
helps to elucidate how these contributors converge to
influence health and also ensures that insights gained

will benefit various populations. NIH supports many
studies in the U.S. and worldwide aimed at building a
comprehensive understanding of health and disease, with
the goal of identifying new and more effective approaches
for prevention and treatment. Three examples—the
Environmental Polymorphism Registry (EPR), the Childhood
Autism Risks from Genetics and Environment (CHARGE)
study, and the Multi-Ethnic Study of Atherosclerosis
(MESA)—illustrate NIH’s pursuit to build a comprehensive
understanding of health and disease.

The NIEHS-supported EPR’" was launched to facilitate
research on the interactions of genes and the environment.
In collaboration with the University of North Carolina

" http://dnaregistry.niehs.nih.gov/.
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General Clinical Research Center, NIEHS has collected DNA
samples from more than 17,000 individuals in the greater
Research Triangle Park, North Carolina, region through local
health care systems, health fairs, study drives, and other
means. This region has a diverse population varying in age,
ethnicity, economic and educational background, and health
status. Unique features of the EPR are that participants
were recruited from two distinct groups—apparently healthy
individuals from the general population and patients from
area clinics and hospitals—and that the EPR’s DNA registry
is not anonymous. This increases the likelihood of identifying
subjects with both the genetic and clinical characteristics

of interest and allows researchers using EPR to identify

and contact registry participants (with their consent) for
further study, if they are found to have potentially significant
genetic variants. These aspects of the EPR give scientists
the flexibility to design follow-up studies while reducing
biases that can occur in genetic epidemiology studies when
subjects are recruited based primarily on their observable
clinical or physical traits.

Since 2006, NIEHS also has supported the CHARGE
study,” an epidemiologic investigation of a wide spectrum
of chemical and biologic exposures, susceptibility factors,
and genetic interactions that may contribute to autism. The
study is examining and comparing three populations of
children: those with autism, those without autism but with
developmental delay or mental retardation, and typically
developing children. Recent research from CHARGE found
evidence for a link between autism and maternal fever
during pregnancy,” as well as that preconceptual folic
acid may decrease the risk of autism in those genetically
predisposed for inefficient folate metabolism.”

Research has shown that factors such as genetic
background, geographic location, socioeconomic status
(SES), and cultural traits may contribute to variations in
disease risk among different populations. This observation
has important implications for biomedical research, as
results in one population may not necessarily apply to
another. Thus, it is important to include study participants
with diverse backgrounds and characteristics to increase

72 http://beincharge.ucdavis.edu/.
8 Zerbo O, et al. J Autism Dev Disord. 2013;43(1):25-33. PMID: 22562209.
74 Schmidt RJ, et al. Am J Clin Nutr. 2012;96(1):80-9. PMID: 22648721,

the likelihood that insights gained through study findings will
benefit all groups of people. The NIH-supported MESA™
is a multicenter epidemiological study of cardiovascular
disease (CVD) in 6,800 men and women from four ethnic
groups—white, black, Hispanic, and of Chinese ancestry.
Since 1999, this study has measured and compared

the value of chest computed tomography (CT), cardiac
magnetic resonance imaging (MRI), carotid ultrasound,
arterial compliance, endothelial function, biochemical
markers, and genetic and environmental factors for
predicting the development of CVD. In one recent finding,
researchers using a subset of the MESA cohort found that
for Whites and Hispanics having more wealth, as indicated
by owning a home rather than renting, was associated
with better cellular health and slower aging, regardless

of health behaviors.” This finding is consistent with other
research that has shown that those with lower SES are

at increased risk for age-related diseases, including CVD
and cancer, which cannot be completely accounted for
by poor health behaviors. Researchers have hypothesized
that the other contributing factor is chronic stress from
economic struggles. Chronic stress causes cumulative
biological damage, mediated through inflammation and
other mechanisms.

Another ongoing epidemiological initiative is NIA's Healthy
Aging in Neighborhoods of Diversity across the Life Span
(HANDLS) study,”” in which NIA intramural investigators
are exploring the differences in rates and risks for diseases
and other conditions associated with aging among
approximately 4,000 Black and White participants of low
and higher SES. HANDLS is distinctive in its use of mobile
medical research vehicles, which make regular trips to
participants’ neighborhoods to gather data. Vitamin D
deficiency is more commonly diagnosed among Blacks
than in Whites; recently, HANDLS investigators found that
measuring vitamin D-binding protein may be important
for accurately determining vitamin D deficiency, especially
among Blacks.™

s http://www.mesa-nhlbi.org/.
6 Carroll JE, et al. Brain Behav Immun. 2013;28:108-114. PMID: 23142704,

7 http://handls.nih.gov/.
8 Powe CE, et al. N Engl J Med. 2013;369(21):1991-2000. PMID: 24256378.
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Leveraging Teams and Partnerships

Bridging the gap between research and application requires
the contributions of numerous scientists with diverse
expertise. Therefore, NIH fosters a culture of collaboration
by encouraging researchers to build teams to conduct
complex studies and analyses, as well as promoting
collaborations within NIH and between NIH and other
federal agencies.

The Cohort Consortium is an example of an NIH initiative
that encourages a team approach to understand the role
of gene-gene and gene-environment interactions in the
etiology of cancer. This extramural-intramural partnership
was formed by NCI to address the need for large-scale
collaborations to pool the large quantity of data and
biospecimens necessary to conduct a wide range of cancer
studies. The Consortium includes investigators responsible
for more than 40 high-quality cohorts involving more than
4 million people. The cohorts are international in scope and
cover large and diverse populations. Extensive risk factor
data are available on each cohort, and biospecimens,
including germline DNA collected at baseline, are available
on more than 2 million individuals. Investigators team up

to use common protocols and methods and to conduct
coordinated parallel and pooled analyses. Through its
collaborative network of investigators, the partnership
provides a coordinated, interdisciplinary approach to
tackling important scientific questions, economies of

scale, and opportunities to quicken the pace of research.

Many ICs often work together to tackle multifaceted
epidemiological problems. For example, hearing loss is
one of the most common birth disorders in the U.S., and
Native Americans are twice as likely to have hearing loss
and middle-ear infections than whites and four times

more likely than other groups. Hearing loss has great
significance to Native Americans due to cultural reliance on
the oral communication of knowledge held by elders.

In addition, alcohol use disorders are a considerable public
health problem for Native Americans, and this population
has some of the highest rates of fetal alcohol spectrum
disorders (FASDs) in the nation. These effects can include
physical problems and problems with behavior and learning,
including birth defects and vision and hearing problems.
NIAAA, NICHD, and NIDCD co-sponsor the Prenatal

Alcohol and SIDS and Stillbirth (PASS) Network.” The main
study conducted by the PASS Network is the Safe Passage
Study,® which follows approximately 12,000 women

from specific areas in the Northern Plains of the U.S. and
the Western Cape of South Africa. In particular, NIDCD
sponsors an auditory component with tests that may reveal
deficits in auditory conduction and neural processing,

as well as their association with maternal alcohol intake
prenatally and other possible risk factors. The study also
will help to improve prevention and intervention strategies
that can improve the future health or lives of these high-risk
newborns in Native American populations and increase
knowledge about the importance of hearing screening

and follow-through for underrepresented groups to ensure
improved communication and occupational outcomes for
these children.

Another example is the Hispanic Community Health Study,
sponsored by multiple NIH ICs and offices (NHLBI, NIDCD,
NIDCR, NINDS, NIDDK, and ODS), which is studying
persons of Hispanic/Latino descent of diverse origins to
identify factors that influence a wide variety of diseases and
conditions such as heart disease, asthma, sleep disorders,
diabetes, hearing loss (including noise-induced hearing
loss), tinnitus, oral health, and cognitive impairment.®' It

is the largest long-term epidemiological study of health
and disease ever conducted in people of Hispanic/Latino
heritage living in the U.S., and the study will give particular
attention to the role of cultural adaptation and disparities

in the prevalence and development of disease. Between
2008 and 2011, more than 16,000 people 18 to 74 years
old who self-identified as having Central American, Cuban,
Dominican, Mexican, Puerto Rican, and South American
origins were enrolled and examined. The second study
period, from 2013 to 2019, sponsored by NHLBI and
NIDDK, will continue to follow participants annually to
determine changes in health. Recent findings from this
study demonstrated the heterogeneity of cardiovascular
disease (CVD) risk factors among people from different
countries of origin. For example, Puerto Ricans carry the
highest burden of CVD risk factors, while South Americans
carry the lowest. Understanding this heterogeneity is critical
for targeting interventions to the groups who will benefit

¢ http://www.nichd.nih.gov/research/supported/pages/pass.aspx.
8 http://www.safepassagestudy.org/.
8 http://www.cscc.unc.edu/hchs/.
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most.® The insights gained from this study will be invaluable
because the U.S. Hispanic population, already the largest
minority population in the country, is expected to triple

by 2050.

In another example, among the major collaborations

of NICHD with other ICs is what is now known as the
National Longitudinal Survey of Adolescent to Adult Health
(Add Health), which provides investigators with unique
opportunities to study how behavior, social and familial
factors, environment, and health during adolescence are
linked to health and achievement in adulthood. Beginning
with a nationally representative sample of young people
enrolled in grades 7 to 12 in the 1994-1995 school year,
successive waves of interviews have collected data on
respondents’ social, economic, psychological, and physical
well-being, combined with contextual data on the family,
neighborhood, community, school, friendships, peer
groups, and romantic relationships. The most recent wave
of interviews expanded the collection of biological data to
understand the social, behavioral, and biological linkages

in health trajectories as the cohort ages through adulthood.
Recent analyses of the latest Add Health data found
unexpectedly higher rates of hypertension among young
gay men, compared with others, that were not explained
by standard CVD risk factors.®® One group of investigators
suggested that these findings may suggest disruptions

in core physiological processes that ultimately confer risk
for CVD that may occur early in the life course for sexual
minority men.8* In addition, Add Health’s unique genetic and
environmental data has been and will continue to be a major
source of data for gene-environment interaction studies.

The Framingham Heart Study®® provides an example of
research that leverages past and current investments in
population-based studies to study the basis of disease.
The original cohort of Framingham residents was
established in 1948 and has since been complemented

by cohorts of their children and grandchildren. The DNA

of more than 9,000 Framingham participants from all three
generations has been analyzed as part of an initiative called
the SNP Health Association Resource. The genetic data,

82 Daviglus ML, et al. JAMA. 2012;308(17):1775-84. PMID: 23117778.

8 Everett B, et al. J Comm Health. 2013;38(3):588-96. PMID: 23397511.
84 Hatzenbuehler ML, et al. Am J Prevent Med. 2013;44(6):612-21. PMID:
23683979.

8 https://www.framinghamheartstudy.org/.

along with information about major disease risk factors
(e.g., systolic blood pressure, cholesterol levels, cigarette
use), have been added to the database of Genotypes and
Phenotypes (dbGaP), managed by the National Center for
Biotechnology Information (NCBI) at NLM, and are available
for use by researchers interested in investigating genetic
contributors to disease.

NIH-supported studies also have been used to inform the
decisions of policy-makers and assess the short- and long-
term effects of policies on health or health-related behaviors.
For example, in 1975, through the University of Michigan,
NIDA launched the Monitoring the Future (MTF) project,

a study that tracks drug use and related attitudes and
behaviors of adolescents and young adults. MTF annually
surveys approximately 50,000 students in grades 8, 10,
and 12. MTF conducts follow-up every two years with a
subset of individuals from each graduating class until they
reach age 30 and then subsequently at five-year intervals.
MTF data have informed policy discussions on substance
abuse and have been used by the White House Office of
National Drug Control Policy to monitor progress toward
national health goals.® For example, when MTF began
measuring nonmedical use of Vicodin among teens in 2002,
it revealed an alarming rate of 1 in 10 high school seniors
abusing this prescription pain reliever. This, along with other
epidemiological research, has led to several NIDA and
federal partner initiatives to address this problem, and these
efforts cut that rate in half by 2013.

In another example of collaborations between NIH and
another agency, NCI and the CDC National Institute for
Occupational Safety and Health continue to provide data
showing a statistically significant exposure-response of
increasing lung cancer risk associated with increasing
exposure to diesel exhaust. The study used quantitative
estimates of mine workers’ exposure to diesel exhaust
after adjusting for other lung cancer risk factors including
cigarette smoking. The findings played a pivotal role in the
classification of diesel engine exhaust as carcinogenic to
humans (a group 1 carcinogen) by the International Agency
for Research on Cancer, part of WHO.87: 8.8

8 NIDA. Monitoring the Future National Results on Adolescent Drug Use:
Overview of Key Findings 2008. http://www.monitoringthefuture.org/index.html.
87 Silverman DT, et al. J Natl Cancer Inst. 2012;104(11):855-68. PMID: 22393209.
8 Attfield MD, et al. J Nat/ Cancer Inst. 2012;104(11):869-83. PMID: 22393207.
89 Stewart PA, et al. Ann Occup Hyg. 2012;56(4):389-400. PMID: 22383674.
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Cancer is the second most common cause of death in the
U.S., exceeded only by heart disease. In the U.S., cancer
accounts for nearly 1 of every 4 deaths. The Annual Report
to the Nation on the Status of Cancer,* released by NCI,
CDC, the American Cancer Society, and the North American
Association of Central Cancer Registries in December 2013,
and reporting on a data period of 1975 to 2010, found a
sustained fall in death rates for most cancers. The report,
informed by the NCI Surveillance Epidemiology and End
Results (SEER) program, found that from 2001 through
2010, death rates for all cancers combined decreased

1.8 percent per year among men and 1.4 percent per

year among women. Death rates among children 14

and younger decreased 1.9 percent per year.

SEARCH for Diabetes in Youth®' is a national multicenter
study funded by NIDDK and CDC and aimed at
understanding more about diabetes among children and
young adults in the nation. SEARCH Study centers are
located in five states: South Carolina, Ohio, Colorado,
California, and Washington. SEARCH seeks answers
about the types of diabetes, its complications, and how
having diabetes affects the lives of children and young
adults. SEARCH was launched in 2000 and will continue at
least through 2015. More than 20,000 study participants
representing all different racial and ethnic backgrounds have
helped SEARCH determine the extent of diabetes in the
community and its impact on different populations.

Initiated in 2011, the Population Assessment of

Tobacco and Health (PATH) study®? is the first large-scale
NIH-FDA collaboration on tobacco regulatory research
since Congress granted FDA the authority to regulate
tobacco products under the Family Smoking Protection
and Tobacco Control Act (2009). It is a national, longitudinal
cohort study that will follow an estimated 59,000 adults
and youth (12 to 18 years old)—some who use tobacco
and some who do not—for at least three years. The goal
of the PATH study is to assess susceptibility to tobacco
use, patterns of use, risk perceptions, and resultant health
impacts. The sample will include males and females of
diverse racial, ethnic, and cultural backgrounds. Baseline

% http://www.cancer.gov/newscenter/newsfromnci/2013/
ReportNationDec2013Release.

9 https://www.searchfordiabetes.org/public/dsphome.cfm.
92 https:/pathstudyinfo.nih.gov/Ul/HomeMobile.aspx.

data collection began in 2013; four or more annual data
collection waves will follow. Biological specimens collected
during the study (from adults only) will provide information
about the health outcomes of users versus nonusers.
Outcomes will further inform current and future regulatory
options for FDA to protect public health, including setting
tobacco product standards and communicating the risks of
tobacco use to the general public.

The six-year Army Study to Assess Risk and Resilience

in Service Members (Army STARRS),®® a collaboration
between NIMH and the U.S. Army, is the largest ever study
of suicide and mental health among military personnel. The
goal of the project is to identify, as rapidly as possible, the
risk and protective factors that will help the Army develop
effective strategies to reduce rising suicide rates and to
address associated mental health problems among soldiers.
Army STARRS’ five components include historical data
collected by the Army, as well as data being collected
currently from soldiers in all phases of Army service. This
research will help inform our understanding of suicide in the
overall population, leading to more effective prevention and
treatment for service members and civilians alike. The study
group presented interim progress reports in meetings with
the Chief of Staff, the Vice Chief of Staff, and Secretary of
the Army in April and July 2013, and the group submitted
the first three primary manuscripts for review.

Another example of an intergovernmental collaboration

is the Agricultural Health Study, cosponsored by two NIH
Institutes, NCI and NIEHS, and EPA.** With a cohort of more
than 89,000 private and commercial pesticide applicators
and their spouses, the study is exploring occupational,
lifestyle, and genetic factors that may affect the disease
rates in farming populations. Although current research
suggests that agricultural workers are healthier overall than
the general U.S. population, they may have higher rates

of some types of cancer and other conditions including
diabetes, asthma, neurologic disease, and reproductive
problems. Recent findings from the Agricultural Health
Study showed that three organophosphate insecticides and
an organochlorine insecticide were significantly associated
with aggressive prostate cancer.®

% http://www.armystarrs.org.

9 http://aghealth.nih.gov/.
% Koutros S, et al. Am J Epidemiol. 2013;177(1):59-74. PMID: 23171882.
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Basic Research

Basic research drives progress in biomedical and

behavioral sciences and is paramount in uncovering the
fundamental principles of biology and, ultimately, the key

to understanding health and disease. Investments in basic
biomedical research make it possible to understand the
causes of disease onset and progression, design preventive
interventions, develop better diagnostic tests, and

discover new treatments and cures. From the incremental
advances in our understanding of a given disease to

the groundbreaking discoveries that revolutionize our
approaches for treating or preventing it, investments in basic
research have yielded and will continue to yield inestimable
rewards and benefits to public health.

Basic Research Lays the Foundation
for Clinical Discovery and
Improvements in Public Health

Basic biomedical research seeks to understand how finely
tuned biological and behavioral processes work together
in harmony and how these processes can break down and
form the basis of disease. For example, at the molecular
level, scientists’ interests lie in understanding how biological
macromolecules —proteins, nucleic acids, sugars, and
lipids—-carry out cellular processes. At the cellular level,
researchers focus on understanding how cells sense and
respond to their environment. And at the behavioral level,
researchers concentrate on how individual organisms react
to and act upon their environment.

Basic research is encompassed in the missions of all

NIH ICs, and progress often requires interdisciplinary
approaches to develop new technologies, improve methods
of data analysis, and provide insight on fundamental disease
pathways. NIH fosters collaborations that span all of the
traditional and emerging disciplines of the life, physical,
engineering, computer, behavioral, and social sciences.

Progress in basic research generally does not follow a
linear path from test tubes to cell culture to animal models.
Instead, it tends to result from a continuum of collaborative
interactions between research groups across multiple

disciplines. The discovery of a gene that causes a disease
state in mice may spark the creation of research programs
to investigate the structural basis for the interaction of

the gene’s protein product with a partner molecule. Other
studies may elucidate a novel molecular pathway that

the protein and its partner molecule regulate and thereby
generate a biological response. Conversely, the visualization
of a previously unknown protein structure may provide
remarkable insight into the protein’s function and generate a
hypothesis for how a particular gene mutation may generate
a relevant disease model in mice. Regardless of the path

to scientific advances or discoveries, basic research lays
the foundation for clinical advances that improve public
health. At the heart of every clinical discovery is a body of
fundamental basic knowledge that provides the impetus

for setting forth a clinical hypothesis and generating the
information required to safely and ethically proceed to
testing in humans.

NIH supports a comprehensive portfolio of basic research
aimed at understanding fundamental life processes,
including both basic research that is related to a particular
disease and other research that may be more broadly
applicable (e.g., the functions of a signaling pathway).

The results of basic research studies provide insights on
fundamental aspects of biology and behavior and lay the
foundation for other studies that will lead to ways to extend
healthy life and reduce illness and disability.

Recently, NIH-supported investigators reported new
breakthrough technologies including TALEN (transcription
activator-like effector nucleases) and CRISPR (clustered
regularly interspaced short palindromic repeats) that are
having a profound impact on biomedical research and are
expected to speed progress in cell-based therapies through
their ability to readily modify genes inside human and
model-organism cells with extreme precision. These editing
methods are enabling scientists to create transgenic mice
for human-disease experiments in weeks rather than months
and have the potential to expedite translation of discoveries in
the laboratory into future therapies for patients.
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Model Organisms and Systems

Basic research is concerned with advancing our
understanding of human health and disease; however,

for a number of reasons—both ethical and practical—
many fundamental aspects of biology cannot be studied

in people. Therefore, scientists often carry out basic
research in “model systems” that are easier to work with

in precisely defined and controlled settings. NIH supports
the development of a wide range of research models,

as well as individual studies using model organisms.

Basic research using model systems and organisms has
provided the foundation of knowledge about human growth
and development, behavior, maintenance of health, and
development of disease. Research on bacteria, yeast,
insects, worms, fish, rodents, primates, and even plants
has shown that the basic operating principles are nearly the
same in all living organisms. Therefore, a finding made in
fruit flies or mice may shed light on a biological process in
humans and thereby lead to new methods for maintaining
health and diagnosing and treating disease.

When scientists discover that a particular gene is associated
with a disease in humans, one of the first things they
typically do is find out what that gene does in a model
organism. NIH supports the development and distribution
of collections of animals with defects in known genes. They
can be used to investigate how a particular gene found to
be associated with a particular disease affects development
overall and disease susceptibility and progression. For
example, the NIH-sponsored National Resource for
Zebrafish, Drosophila Stock Center, and Caenorhabditis
Genetics Center provide the research community with well-
characterized wild-type (normal) and mutant zebrafish, fruit
flies, and roundworms, respectively.

Model organisms often are useful for understanding features
of disease that have similar underlying molecular causes.
For example, protein-clumping defects are common to
several neurodegenerative disorders such as Alzheimer’s,
Parkinson’s, and Huntington’s diseases. Scientists can
recreate these cellular defects in yeast, worms, and fruit flies
and then translate the findings into knowledge to benefit
people with those diseases.

Molecular Mechanisms and Pathways

In the human body, all biological components —from
individual genes to entire organs—work together to promote
normal development and sustain health. This amazing feat
of biological teamwork is made possible by an array of
complex molecular machinery that carries out the functions
of cells and intricate and interconnected pathways that
facilitate communication among genes, molecules, and
cells. While some of these processes already have been
discovered, many more remain to be found. Further
research also is needed to understand how these processes
are integrated in humans and other complex organisms, as
well as to determine how disturbances in them may lead

to disease and what might be done to restore disturbed
pathways to their normal functions.

NIH supports a broad spectrum of research to improve the
molecular-level understanding of fundamental biological
processes and how to control them. By uncovering how
certain molecules function in key signaling pathways,
scientists may be able to develop therapies that target
these molecules for the treatment of a variety of devastating
disorders. The goals of research supported by NIH in this
area include an improved understanding of drug action;
pharmacogenetics, the study of genetic mechanisms
underlying individual responses to drugs; new methods and
targets for drug discovery; advances in natural products
synthesis; an enhanced understanding of biological
catalysts; a greater knowledge of metabolic regulation and
fundamental physiological processes; and the integration
and application of basic physiological, pharmacological, and
biochemical research to clinical issues.

Molecular and Cell Biology

Growth and development is a life-long process that has
many phases and functions. Much of the research in this
area focuses on cellular, molecular, and developmental
biology, to build understanding of the mechanisms and
interactions that guide a single fertilized egg through its
development into an adult organism. The eventual goal of
these studies is to improve the diagnosis, treatment, and
prevention of human genetic and developmental disorders
and diseases.
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All cells go through different stages in the cell cycle. A

new cell is formed when its parent cell divides in two; it
carries out its biological functions; it reproduces by dividing,
often dozens of times; and then it dies. Underlying these
milestones are regular cycles. Progress through each cycle
is governed by a precisely choreographed biochemical
cascade involving a repertoire of molecules. For the

past several decades, NIH-supported researchers have
conducted detailed studies of molecules that guide cells
through division and development, methodically unraveling
their biochemical identities and properties. Scientists have
examined the molecules’ ebb and flow throughout the cell
cycle and their eventual demise as they are chemically
consumed when their job is done—until generated again
for the next cell cycle.

As for most life processes, when the biochemical
choreography of cells goes awry, the result can be
disastrous. Glitches in the cell cycle can lead to a host of
diseases, most notably cancer, which can be defined simply
as uncontrolled cell division and the failure of programmed
cell death. Scientists are poised to take advantage of the
wealth of basic research on the cell cycle. They are testing
scores of potential anticancer drugs that aim to bolster or
block cell cycle molecules. For instance, researchers are
harnessing their knowledge of the cyclical fluctuations in cell
cycle molecules to predict the aggressiveness of a cancer
and to tailor treatments.

Stem Cells

Stem cells have the remarkable potential to develop into
many different cell types in the body during early life and
growth. In addition, in many tissues they serve as an
internal repair system, dividing essentially without limit

to replenish other cells throughout life. When a stem cell
divides, each new cell has the potential either to remain

a stem cell or to become another type of cell with a more
specialized function, such as a muscle cell, a red blood cell,
or a neuron.

Given their unique regenerative abilities, stem cells that

are directed to differentiate into specific cell types offer the
possibility of a renewable source of replacement cells and
tissues to treat diseases such as diabetes, heart disease,
vision loss, and Parkinson’s disease. Today, donated organs
and tissues may be used to replace ailing or destroyed

tissue, but the need for transplantable tissues and organs
far outweighs the available supply. Research is underway to
understand how to use products developed from stem cells
as therapies to treat disease. Stem cells also can be used
to create cells and disease models that can be used as
platforms to screen many different novel drugs, expanding
the search for drug therapies and doing so with more

time efficiency.

NIH has funded numerous research projects on the basic
biology of human embryonic stem cells (nESCs) and has
developed initiatives to support fundamental research

on a new kind of stem cell called an induced pluripotent
stem cell (iPSC). iPSCs are reprogrammed from adult

cells to a pluripotent state remarkably like hESCs. These
reprogrammed cells offer a powerful approach to generating
patient-specific stem cells that ultimately may be used

in the clinic. NIH has seen an increase in the number of
investigator-initiated research applications using iPSCs, and
NIH support for this research area continues to grow, with
promising results. For example, NHLBI-funded investigators
have created heart cells and heart disease models from
iPSCs to determine toxicities and the potential for treatment
of CVD.®8 Other ICs have had similar successes.

For neuroscientists, methods for differentiating stem

cells into cells such as neurons have been cumbersome
and slow, with variable results. However, NIMH-funded
researchers have recently developed a shortcut to rapidly
convert induced human stem cells into neurons. This
breakthrough allows large-scale production of viable,
induced human neurons for studying causes of brain
disorders, screening potential treatments, and developing
regenerative therapies.®’

Another example of NIH investment in this area is
multidisciplinary initiatives such as the NHLBI Progenitor
Cell Biology Consortium (PCPB),% which is designed to
accelerate progress in the field. PCPB tackles problems
such as identifying candidate cells and directing cell
differentiation and transplantation of these cells. This work
could lead to the development of therapeutic cells capable
of repairing damaged heart and lung tissue and replacing
defective blood cells.

% Mordwinkin NM, et al. JAMA. 2013;310(19):2039-40. PMID: 24240927
9 Zhang Y, et al. Neuron. 2013;78(5):785-98. PMID: 23764284,
% https://progenitorcells.org/.
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Immunobiology and Inflammation

The human immune system is composed of a network

of specialized cells that act together to defend the body
against infection by organisms such as bacteria, viruses,
and parasites and to prevent cancer. Unfortunately, poorly
regulated immune responses can result in the development
of immune-mediated diseases that include asthma, allergy,
and autoimmune syndromes such as rheumatoid arthritis,
multiple sclerosis, type 1 diabetes, and inflammatory
bowel disease (IBD). Furthermore, the immune system of
transplant recipients mounts an attack on donated organs
and tissues, which imposes the need for strong drugs

to prevent rejection. The lack of an immune response

also can be very deleterious, increasing susceptibility to
infection. Immunodeficiency disorders can be caused by
inherited flaws in the immune system, as is the case with
primary immunodeficiency diseases; acquired during life
through infection by pathogens such as HIV that destroy
immune cells; or acquired through the development of
autoantibodies, which can disable immune responses.

Although much has been learned about how the immune
system operates in both health and disease, there is still
more to be learned that will lead to improved and novel
methods to prevent or treat human disease. Thus, NIH
supports basic science studies in immunobiology (the
biology of the immune system) to provide a pipeline of
potential new treatments and vaccines. Research in basic
immunobiology focuses on the structural and functional
properties of cells of the immune system and the proteins
they secrete, the interactions of immune components with
other physiological systems, and the processes by which
appropriate regulation of the immune system is achieved to
protect the body while still preventing immune attack on a
person’s own tissues.

Inflammation is mediated by molecules secreted by
immune cells. Acute inflammation is triggered by damage
to tissue or cells, typically by pathogens or injury. Chronic
inflammation has been implicated in the etiology of multiple
diseases, including asthma, atherosclerosis, cancer,
cardiovascular disorders, and neurodegenerative diseases.
Although significant breakthroughs have occurred in our
understanding of inflammation, research is needed to
further understand inflammatory processes. NIH is funding

research to uncover as-yet-unknown immune mechanisms
and mediators of inflammation, as well as genetic factors,
environmental triggers, and the relationship of inflammation
to disease.

One of NIH’s activities in this arena is the Center for Human
Immunology, Autoimmunity, and Inflammation (CHI),*® a
trans-NIH intramural initiative launched in 2008 to study the
human immune system. CHI organizes integrated teams

of physicians and basic scientists to perform research

into immune pathophysiologies, the role of inflammation

in a wide variety of disorders, and the translation of new
knowledge into improvements in diagnosis and treatment
of disease.

“-Omics” Approaches

“-Omics” approaches characterize cellular molecules, such
as genes, proteins, metabolites, carbohydrates, and lipids,
and allow comparisons to be made between species and
among individuals of a species. Technological advances

in “~omics” have fundamentally changed the conduct of
molecular biology, making it possible to rapidly obtain
information on the entire complement of biomolecules
within a cell or tissue. For example, it is now possible to
measure the expression of all genes (transcriptome) in

a cell or tissue in less than a day, something that would
have taken months, if not years, just a decade ago. These
advances have led to the accumulation of large datasets
that scientists sift through using statistical methods, or
bioinformatics, to understand how networks of cellular
components work in concert to produce a state of normal
health and to identify the key players that go awry as a
cause or result of disease. For example, scientists may
now examine the entire genome of an organism to identify
genes associated with a particular trait (e.g., susceptibility to
disease, developmental stage, physical trait such as height)
or to compare the proteome (i.e., the entire complement of
proteins) of a specific cell type with those of another (e.g.,
Alzheimer’s brain cells vs. normal brain cells).

NIH has made a significant investment in genomics,
transcriptomics, proteomics, and other types of “omics”
that seek to catalog a specific class or type of biomolecule,
as well as bioinformatics and computational biology.

% http://www.nhlbi.nih.gov/resources/chi/.
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This investment has led to explosive growth in biological
information, a rich resource that can be mined for clues
about fundamental life processes, susceptibility to disease,
and disease outcomes. The deluge of information has,

in turn, generated a pressing need for computerized
databases to store, organize, and index the data and

for specialized tools to view and analyze the data. NIH’s
approach to this is discussed in the subsection on
“Research Resources, Infrastructure, and Technology
Development” in this section.

Genomics

As exemplified by the Human Genome Project, the field of
genomics aims to understand how the entire genome, or
genetic composition, of a cell or an organism contributes

to define development, physiology, and disease. With a
map of the human genome in hand, NIH continues to
support research to understand how variations in the
genetic sequence among individuals contribute to health
and disease. Genomics is the study of an organism’s entire
genome—the complete assembly of DNA, or in some cases
RNA—that transmits the instructions for developing and

Figure 2-2. NLRC4 mutations cause aggregation and continual
activation of a cellular sensor (red) that triggers inflammation,
causing an autoinflammatory disorder called macrophage
activation syndrome. Credit: Kristien Zaal, Ph.D., NIAMS Light
Imaging Section.

operating a living organism. Genomic research focuses

not just on individual genes but also on the functioning

of the entire genome as a network and, importantly, on
how this network interacts with environmental factors to
influence health and cause disease. Genomics is a new and
challenging discipline that is increasingly used in virtually
every field of biological and medical research. To help

the public understand genomics, educational resources,
including multimedia presentations, are available on the

NIH website.'®

DNA's double helical structure was discovered in 1953.

Fifty years later, the human genome was fully sequenced

by an NHGRI-led, multinational effort called the Human
Genome Project, which lasted 13 years and completed its
work ahead of schedule and under budget. The sequencing
of the human genome provided new ways to analyze the
functions of cells, tissues, and systems in the body and
new tools for understanding the causes of disease. It laid
the foundation for scientific disciplines such as proteomics,
the study of the structure and function of all the proteins
produced by the body (in response to instructions carried
by the genes). Recent studies have demonstrated that the
genome contains more information than can be interpreted
from just its sequence. It is more variable in its structure and
more complicated in its internal interactions than anyone
imagined just a few years ago.

Almost every human disease or disorder has a genetic
component and an environmental component. The genetic
components of some heritable diseases, such as sickle
cell disease or cystic fibrosis, result from mutations in
single genes—changes that disrupt the function of the
protein they encode. However, in most diseases the role
of genes and the environment is more complicated. Some
diseases arise as a result of spontaneous gene mutations
that occur during a person’s lifetime; others are caused by
complex cascades of changes in gene expression triggered,
perhaps, by environmental factors. Differences as small

as one letter in our 3 billion pairs of DNA letters can cause
disease directly or cause a person to respond differently

to particular pathogens or drugs. Multiple genetic and
environmental factors play a role in a myriad of common
diseases and disorders, such as schizophrenia and bipolar

10 http://www.genome.gov/10000002.
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disorder; cancers of the skin, lung, brain, pancreas, breast,
prostate, and testicle and acute lymphoblastic leukemia;
diabetes; immunodeficiencies and allergies; periodontitis
in African Americans; asthma; high blood pressure; heart
arrhythmias; IBD; kidney disease; neurological diseases
such as Alzheimer’s disease, Parkinson’s disease, and
amyotrophic lateral sclerosis; and obesity. While all of the
genetic risk factors are not fully understood for any of
these common diseases and disorders, NIH researchers
have begun to identify individual genes or regions of DNA
associated with each.

As a result of the overwhelming influence of the genome

on human health, virtually every NIH IC now engages in
genome-related research. NIH continues to conduct exome
sequencing—a technique for sequencing all the protein-
coding genes in a genome, known as the exome. For
example, NIAID has conducted human exome sequencing
that is revealing mutations in patients with rare genetic
immunological disorders.

Genes themselves, the “coding regions” of DNA that direct
cells to make particular proteins, account for only about

2 percent of the human genome. Cataloging both the
coding and the noncoding but functional sequences (i.e.,
regions that control the expression of genes) throughout the
genome is the main mission of the NHGRI-funded ENCODE
(ENCyclopedia Of DNA Elements) Research Consortium.'*!
The project was renewed in the fall of 2012 to expand the
catalogs of functional elements in the human genome,

as well as in the mouse genome, which had only limited
funding in the previous phase of ENCODE. The resulting list
of functional elements, which includes genes and regions
that control the expression of genes, is presented as a
resource that is freely available on the internet.

Many ICs fund genome-wide association studies
(GWAS)—in effect, full-body DNA scans (using DNA from
tissue samples) that are able to identify common variants

in common diseases.'® The first successful application

of GWAS was conducted in 2005 by NEI researchers in
collaboration with other investigators receiving funding from
several ICs. This study identified a gene variant involved

in inflammation that was responsible for 50 percent of

1 http://www.genome.gov/encode/.
192 http://www.genome.gov/gwastudies.

all cases of age-related macular degeneration (AMD)—a
major cause of blindness in the elderly.'® More recently,

NEI also organized the largest GWAS for glaucoma, whose
hereditary cause has eluded researchers, and identified two
key gene variants in 2012.'% This study was conducted

by the NEIGHBOR (NEI Glaucoma Human genetics
collaBORation) consortium, a NEI-funded collaborative effort
to identify genetic variants associated with primary open
angle glaucoma.'® NCI also supports an array of GWAS
studies, including those that recently detected new genetic
factors involved in breast, prostate, and colon cancers.
Across NIH, GWAS studies have identified genetic variants
of many diseases and disorders, including heart disease,
diabetes, obesity, IBD, and many types of cancer as
previously mentioned.

Collaboration is a vital aspect of genomics research. The
NIMH-funded Psychiatric Genomics Consortium (PGC),'®
which began in 2007, now boasts 123,000 samples from
people with a diagnosis of schizophrenia, bipolar disorder,
attention-deficit hyperactivity disorder, or autism and
80,000 controls collected by more than 300 scientists from
80 institutions in 20 countries. This consortium is the
largest collaboration in the history of psychiatry. In 2012,
with 14,000 cases, researchers discovered variants in

22 different genes that were significantly related to an
increased risk for psychiatric illness. In 2013, with more than
30,000 cases, variants in more than 100 genes have been
found to be significant, and the Cross Disorders Group of
the PGC recently determined how much five major mental
illnesses are traceable to the same common inherited
genetic variations.'%

The NHLBI-supported Pediatric Cardiac Genomics
Consortium aims to identify genetic and epigenetic causes
of congenital heart disease (CHD). A recent study from the
consortium found that spontaneous mutations contribute to
the development of at least 10 percent of severe CHD and
that many of the mutated genes were involved in a specific
pathway that controls and regulates gene expression, which
provides some insight into how the defects arise.™®

19 Klein RJ, et al. Science. 2005;308(5720):385-9. PMID: 15761122.

94 Wiggs JL, et al. PLoS Genetics. 2012;8(4):e1002654. PMID: 22570617.

195 https://www.nei.nih.gov/funding/neighbor.

16 http://www.med.unc.edu/pgc/.

197 http://www.nimh.nih.gov/news/science-news/2013/new-data-reveal-extent-of-
genetic-overlap-between-major-mental-disorders.shtml.

18 Zaidi S, et al. Nature. 2013;498(4753):220-3. PMID: 23665959.
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At the other end of the lifespan, the International Genomic
Alzheimer’s Project, an international collaborative initiative
that includes researchers with the NIA-supported
Alzheimer’s Disease Genetics Consortium, completed the
largest genetic analysis ever conducted in Alzheimer’s
disease in 2013. Analyzing data from more than 74,000
individuals from around the world, they identified 11 new
genes that may be linked to late-onset Alzheimer’s, the more
common form of the disease. NHGRI leads the international,
public-private consortium known as the 1000 Genomes
Project, ' which aims to discover aimost all human genetic
variants in order to support studies relating genetic variation
to health and disease. So far, the project has sequenced the
genomes of 1,092 people from 14 populations around the
world,""° but it aims to study more than 2,500 individuals
from 26 populations. The sequence data will provide insight
into the presence and pattern of variants in different people’s
genomes, which is vital in the effort to study the genomic
basis of human disease.

NIH also is focused on sequencing nonhuman genomes.
Comparing the human genome to the genomes of

other creatures, including insects and even single-celled
organisms, reveals stretches of DNA that have remained
similar over millions of years of evolution. These “conserved*
sequences are thought to play an important role in the
functioning of a living organism, even if scientists do not
yet know what that role is. NHGRI funded the Model
ENCODE project'! to identify all the functional elements

in the genomes of two hugely important and widely used
laboratory model organisms—the fruit fly Drosophila
melanogaster and the roundworm Caenorhabditis
elegans.'? The strategy is to identify genomic mechanisms
in these model organisms, which will elucidate novel
research directions for human genomic and other
researchers. The main funding phase of this project has
finished with publications of results planned for 2014.

In addition, research on the genomes of pathogenic
organisms will advance research on the causes, treatment,
and prevention of infectious diseases. NIAID supported
the sequencing of more than 40,000 genomes of

199 http://www.1000genomes.org/.

101000 Genomes Project Consortium, et al. Nature. 2012;491(7422):56-65.
PMID: 23128226.

M http://www.genome.gov/26524507.

2 Celniker SE, et al. Nature. 2009;459(7249):927-30. PMID: 19536255.

pathogenic microorganisms, such as influenza, HIV, malaria,
tuberculosis, and potential agents of bioterrorism such as
anthrax. Data generated through NIAID-supported initiatives
is made rapidly available to the research community. For
example, NIAID scientists recently sequenced the genome
of Anopheles darling, the principal malaria carrier in Central
and South America and southern Mexico responsible

for more than a million cases of malaria per year in the
Americas.'"® NIAID scientists also sequenced the genome
of Giardia lamblia, the most common pathogenic intestinal
parasite of humans worldwide and a frequent cause of
endemic and epidemic diarrhea.''*

DNA sequencing and analysis projects serve to advance
technology and bioinformatics that may soon bring
revolutionary improvements to the practice of medicine. The
development of new methods to sequence DNA faster and
more cheaply is the central goal of some NIH-sponsored
projects. Soon, when a patient’s full genome can be
sequenced for less than the cost of other routine medical
tests, and ongoing genomic research programs have
further broadened and deepened our understanding of the
genome’s functioning, we may well be approaching a new
era in medical care. A milestone in this respect was realized
in 2013 when FDA cleared the first high-throughput DNA
sequencing device for clinical use.'®

In the future, the practice of medicine will move beyond a
one-size-fits-all approach, and the promise of “precision
medicine” will be realized. Precision medicine is an emerging
approach for disease treatment and prevention that takes
into account individual variability in genes, environment,

and lifestyle for each person. Key to the precision medicine
approach is the importance of identifying genetic risk factors
that affect an individual’'s susceptibility to developing a
certain condition, and work along these lines is conducted
across every IC. For example, NIDCR invests in genomic
studies of tooth decay and gum disease. The aim is to
provide a more complete picture of the genetic risk factors
for these conditions to complement the work on behavioral,
environmental, and microbial determinants. NIDCR also
supports research to understand the role of genetic variation
in craniofacial development and associated disorders

8 Marinotti O, et al. Nucleic Acids Res. 2013;41(15):7387-400. PMID: 23761445.
14 Adam RD, et al. Genome Biol Evol. 2013;5(12):2498-511. PMID: 24307482.
5 http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/
ucm375742.htm.
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Figure 2-3. Diagram from the NHGRI Genome Wide Association Catalog illustrating all of the disease genes that people have
found using GWAS. Credit: Darryl Leja and Teri Manolio, NHGRI; Tony Burdett, Dani Welter, and Helen Parkinson, European

Bioinformatics Institute.

including Kallmann syndrome and craniosynostosis
(premature fusion between bones in the skull). NIDCR-
funded genomic researchers also have identified genetic
risk factors for cleft lip with and without cleft palate in Asian
and European ancestry populations. These investments
are identifying the mechanisms of craniofacial development
to allow new strategies to diagnose, treat, and, one day,
prevent craniofacial disorders.

As precision medicine becomes a reality, research in
pharmacogenomics seeks to understand the inherited
variations in genes that dictate drug response and explores

the ways these variations can be used to predict whether a
patient will have a beneficial response to a drug, a poor or
adverse response, or no response at all. By understanding
the differences in the genetic basis of drug responses,
scientists hope to enable doctors to prescribe the drugs
and doses best suited for each individual. The mission of
the NIH Pharmacogenomics Research Network (PGRN)''®
is to better understand the genetic basis for variable drug
responses and identify safe and effective drug therapies
designed for individual patients.

16 http://www.nigms.nih.gov/Research/SpecificAreas/PGRN/Pages/default.aspx.
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Another important recent finding is that one of the basic
assumptions of genetic theory—that all cells of an
individual have the same DNA sequence—may be an
oversimplification. Called somatic mosaicism, this variability
in DNA sequence from cell to cell may play an important
role in brain development and in shaping an individual’'s
susceptibility and resilience to neuropsychiatric disorders.
NIMH is funding research to develop new single-cell
approaches to analyze individual neuronal genomes;
these tools promise to reveal new factors that contribute
to neuropsychiatric diseases such as schizophrenia

and autism.

Most of the genome research that will lead to direct clinical
implications, improve our understanding of human health,
and change clinical practice still lies ahead. Over the next
decade, research will unlock the true potential of this
foundational work, leading scientists closer to better
means for preventing, diagnosing, and treating disease.

Epigenetics

While the genetic composition of an organism undoubtedly
is an important determinant of health and disease, additional
mechanisms are involved in interpreting the genome and
guiding molecular, cellular, and developmental processes. In
the emerging field of epigenetics, scientists are uncovering
a complex code of chemical markers that influence whether
genes are active or silent, independent of DNA sequence.
While epigenetics refers to the study of a single gene or sets
of genes, epigenomics refers to more global analyses of
epigenetic changes across the entire genome. Epigenetic
processes control normal growth and development and are
disrupted in diseases such as cancer. Diet and exposure

to environmental chemicals throughout all stages of human
development, among other factors, can cause epigenetic
changes that may turn certain genes on or off. Research

in animal models has revealed that particular parenting
behaviors trigger epigenetic changes and alterations in
physiological and behavioral function of offspring. Changes
in genes that would normally protect against a disease
could make people more susceptible to developing

that disease later in life. Researchers also believe some
epigenetic changes can be passed on from generation to
generation. NIH-funded scientists have demonstrated that
epigenetic changes are associated with the development
and growth of many types of tumors.

The Common Fund’s Epigenomics Program is developing
resources, tools, and technologies to enable investigations
of the role of epigenomic modifications in human health
and disease.""” The Epigenomics Program has generated
almost 90 reference maps of epigenomic modifications

in healthy human cells and tissues, as well as numerous
resources and tools that are being disseminated to and
used by the biomedical research community. Researchers
in the Epigenomics Program have published landmark
studies on the role of epigenomic modifications in normal
development and disease. In FY 2013, the Epigenomics
Program launched a functional epigenomics initiative,
which aims to develop novel tools and technologies to
enable manipulation of the epigenome in a tissue, cell, or
gene-specific fashion, with or without temporal control.
Such tools and technologies are needed for precise
manipulation of the epigenome in order to discover
fundamental biological principles, as well as to develop
novel epigenomic therapeutics.

Epigenetics research also occurs within NIH ICs. For
example, NIEHS supports research on the possible

effects of environmental exposures on future generations
through its Transgenerational Inheritance in Mammals After
Environmental Exposure program. In addition, the NIEHS
Mouse Methylome Project is a cross-disciplinary effort
using advanced next generation sequencing technologies,
biocomputation, biostatistics, and molecular biology to
create a high-resolution map of the mouse liver genome
from three different mouse strains with different sensitivities
to chemically induced toxicity and disease. NIEHS and NIDA
also jointly fund the Toxicant Exposures and Responses

by Genomic and Epigenomic Regulators of Transcription
Program, which supports research that aims to increase
understanding of how exposures affect and interact with
functional and regulatory processes that lead to certain
patterns of epigenetic changes.

The Microbiome

The body of a healthy human adult is home to an enormous
bacterial ecosystem, with bacterial cells outnumbering
human cells by a factor of 10 to 1. Despite misconceptions
that often associate all bacteria with disease, most of the
natural bacterial flora is composed of commensal—or

"7 http://commonfund.nih.gov/epigenomics/index.
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beneficial —species that actually perform necessary cellular
functions such as the digestion of certain nutrients in the
intestines. However, evidence indicates that dysregulated
(dysbiotic) microbial communities can contribute to such
diseases and conditions as obesity, diabetes, cancer, and
autoimmune diseases. Through the Common Fund and
research by NIH intramural labs, the Human Microbiome
Project (HMP) aims to discover the composition of microbial
communities that exist in different parts of the human body
and understand how these communities are associated
with human health and disease.'® In 2012, the HMP
completed the initial survey of the microbiome by analyzing
microbiomes from more than 300 healthy individuals,
leading to the insight that there is surprising variability in
microbiomes between individuals. The second phase of the
HMP, launched in FY 2013, is focused on activities to create

18 http://commonfund.nih.gov/hmp/index.

the first integrated datasets of biological properties from
both the microbiome and the host using high-throughput
multi-omics (transcriptomics, proteomics, metabolomics)
technologies. This will enrich our understanding of how
changes in the microbiome correlate with disease.

To further reveal the basic principles and mechanisms
that govern the dynamics of host-associated microbial
communities, many ICs including NIGMS, NIEHS, NHGRI,
NIAID, NHLBI, and NIDCR support genetic, physiological,
and ecological studies in an effort that will be the key
foundation to developing interventions to improve human
health. For example, a recent NHLBI-supported study
showed that bacteria in the digestive tract metabolize

the compound carnitine, found in red meat, leading to
the production of a compound called trimethylamine-
N-oxide (TMAOQ) that is linked to the development of

Nasal viruses differ
between healthy children

Figure 2-4. The Human Microbiome Project examines several body sites, increasing knowledge of the impact of microbes in
association with both health and disease. Credit: A Decade of Discovery— The NIH Roadmap and Common Fund.
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atherosclerosis.''® This finding demonstrates how microbes
in the gut can ultimately influence heart disease risk.

In addition, NIEHS is encouraging research aimed at
investigating how exposure to environmental chemicals may
affect the composition and/or function of the microbiome

in both the short and long term. NIEHS is particularly
interested in learning about the impact of early life
exposures, as these occur during the initial colonization of
the microbiota and may permanently affect its potential.

NIDCR is harnessing knowledge from the HMP to define
the unique role of the oral microbiota in oral diseases and
immune function—such as in susceptibility to autoimmune
diseases and cancer—and in other systemic conditions
like metabolic syndrome. About 600 unique microbial
species populate the oral cavity.' More than half of these
species cannot be cultivated using conventional laboratory
conditions, making them difficult to study and complicating
scientists’ understanding of how the oral microbiome
functions as a whole. The NIDCR-supported open-access
Human Oral Microbiome Database aims to overcome this
complexity by promoting distribution of genetic, phenotypic,
clinical, and bibliographic data.?!

NIDCR clinical researchers also are studying patients with
genetic defects of the immune system to understand

how specific molecules and pathways control microbial
interactions with the human host, in particular in the

oral cavity. The systemic immune dysfunction in these
patients leads to alterations in local immune response and
microbial colonization and makes individuals susceptible
to oral infections and inflammatory conditions such as
gum disease. '

The NIH Microbiome Cloud Project (MCP), led by NIAID and
NHGRI, addresses the opportunities and challenges posed
by the explosion of data from advances in sequencing
technology. The pioneering team of scientists from NIH,
academia, and industry is developing a cloud-based
platform that brings together HMP data on the microbes
that naturally colonize our bodies and analysis tools to
facilitate the growing need for large-scale data analysis. In
September 2013, the first phase of the MCP was launched,
19 Koeth RA, et al. Nat Med. 2013;19(5):576-85. PMID: 23563705,

120 Dewhirst FE, et al. J Bacteriol. 2010;192:5002-17. PMID: 20656903.

21 http://www.homd.org/.
122 Moutsopoulos MD, et al. J Autoimmun. 2012;39(4):294-303. PMID: 22560973.

which makes a 5 terabyte portion of HMP sequencing data
publicly available on the Amazon Web Services cloud, thus
reducing the need for time-consuming data downloads.'?®
The next phase of the project will add analysis tools,

more data, and supporting documentation such as online
tutorials. The MCP’s cloud environment promises to
encourage greater collaboration and data sharing among
researchers. Scientists’ experiences with the MCP also will
help inform NIH best practices for using cloud technologies
for biomedical research.

Translating the Genetic Code:
Transcriptomics, Proteomics,
and Metabolomics

Beyond understanding genes and their regulation, NIH also
supports system-wide studies to understand which genes
are actually turned on and off and when (transcriptomics).
Since genes code for the proteins that carry out almost

all cellular functions, understanding which genes are

active and, by extension, the catalog of proteins carrying
out cellular functions (proteomics) in a given cell type
under particular sets of conditions provides a picture of
the molecular players involved in health and disease. In
the growing field of metabolomics, researchers are using
high-throughput methodologies to characterize the types
and amounts of metabolic compounds present in our cells
and to map the metabolic pathways and networks through
which they are generated and regulated. The Common
Fund’s Metabolomics program, launched in FY 2012,

is intended to establish the needed resources, training,
technology development, and standards to catalyze the
field of metabolomics to advance scientific discovery and
clinical practice.'® By studying the network of chemical
pathways and their chemical products, such studies have
the capability of defining normal homeostatic and disease
mechanisms. Having identified pathways and compounds
associated with disease progression, researchers can then
use hypothesis-driven basic research experiments to further
understand how particular proteins and molecules function
in the pathways.

128 http://aws.amazon.com/datasets/1903160021374413.
124 https://commonfund.nih.gov/metabolomics/index.
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Structural Biology of Proteins

In addition to understanding the collective composition

of proteins in a cell, researchers also aim to characterize
their three-dimensional structures. The Common Fund’s
Structural Biology program is a strategic effort to develop
rapid, efficient, and dependable methods that can be used
to determine the structure of proteins important to human
health and disease.?® Of particular interest, NIH is focusing
efforts on determining structures of the proteins that reside
in the membrane barrier that separates the inside of the
cell from the outside. These membrane proteins account
for about 30 percent of the proteins in the cell and are
major targets for developing therapeutic drugs to treat
particular diseases by blocking, inhibiting, or activating
specific molecules. Methods developed through the
Structural Biology program have resulted in the structural
determination of numerous important membrane proteins,
including a wide variety of G-protein coupled receptors
(GPCRs), a medically important group of proteins that

are the target of almost half of the pharmaceuticals on

the market.

Glycomics

NIH also is mapping out additional molecular compounds
associated with cellular function. In one field, NIH seeks to
understand the role of glycans—complex chains of sugar
molecules—in various cellular functions. Glycans often

are found attached to the surface of cells and to proteins
found on the cell surface, and they serve important roles
in inflammation, arteriosclerosis, immune defects, neural
development, and cancer metastasis. To advance the
field of glycomics, NIH supports programs that develop
technologies for the analysis of glycans in complex
biological systems and has established the Consortium
for Functional Glycomics,'?® which provides access to a
technological infrastructure for glycobiology in support of
basic research. Recent findings indicate that basic research
on glycosylation may lead to the development of broad
spectrum antivirals.

125 http://commonfund.nih.gov/structuralbiology/index.
126 http://www.functionalglycomics.org/static/consortium/consortium.shtml.

Systems Biology

With the increasing application of “-omics” and high-
throughput technologies, scientists are generating massive
amounts of data on the genetic and molecular basis of
biological processes and responses. In an effort to put all
of this information together across multiple scales, NIH
researchers are pioneering the emerging field of systems
biology. Systems biology draws on the expertise of biology,
mathematics, engineering, and the physical sciences to
integrate experimental data with computational approaches
that generate models to describe complex biological
systems. In addition to describing the interactions among
genes, proteins, and metabolites, the models are intended
to be predictive of physiological behavior in response to
natural and artificial perturbations. By monitoring the effects
of a perturbation in “virtual” experiments, scientists can
generate hypotheses that are tested in cellular systems

or model organisms to gain a better understanding of the
molecular contributions to normal health and disease.

NIGMS supports 14 multidisciplinary National Centers

for Systems Biology, '?" 126 where scientists are using
computational modeling and analysis to study the complex
dynamics of molecular signaling and regulatory networks
involved in cell proliferation, differentiation, and death;
developmental pattern formation in organisms; genome
organization and evolution; and drug effects on cells,
organs, and tissues.

Other ICs fund research in this area. For example,
investigators supported by NIAID’s Systems Biology for
Infectious Diseases Research Program'® are developing
and validating predictive models of infectious disease
initiation, progression, and outcomes. These models will

be derived from systems-wide studies of host-pathogen
molecular interaction networks during infection. Importantly,
the programs will make data and reagents that result

from the research available to the research community. In
addition, researchers in the NIAID Laboratory of Systems

127 http://www.nigms.nih.gov/Research/SpecificAreas/SysBio/Pages/default.aspx.
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Biology'° are applying a systems biology approach

to develop models that enhance understanding of the
molecular basis of an immune response to infection or
vaccination. The NIH Integrative Cancer Biology Program
(ICBP)™8' is providing new insights into the development
and progression of cancer as a complex biological system.
Researchers at ICBP Centers are generating and validating
computational models that describe and simulate the
complex process of cancer, which should ultimately lead
to better cancer prevention, diagnostics, and therapeutics.

Environmental Factors that Impinge
on Human Health and Disease

Cells not only respond to changes in their microscopic
environment but also sense and respond to environmental
factors present in our macroscopic human world. As part
of its effort to reduce the burden of human illness and
disability, NIH supports basic research to understand how
environmental factors are detected by our bodies and
how, at all levels—molecular, epigenetic, cellular, organ,
and behavioral systems—they influence the development
and progression of human diseases. At NIEHS, the IC
devoted specifically to these goals, research programs
are elucidating the effects of exposure to a range of toxic
air pollutants in utero and resulting impaired development
in fetuses and offspring, as well as increased potential

for development of a range of chronic diseases later in
life. Other programs are looking at the impacts of climate
change on increased vulnerability of certain populations to
a wide range of diseases such as cardiovascular disease,
asthma, cancer, and mental disorders, as well as effects
of exposure to a broad range of environmental chemicals
including pesticides and endocrine disruptors. NIH also
has established research programs to investigate the
relationship between exposure to heavy metals, such

as mercury, in the environment and the progression and

development of autoimmune disorders. Understanding how

these agents impart immune system dysfunction at the
molecular level could offer potential therapeutic targets for
treating these disorders.

180 http://www.niaid.nih.gov/labsandresources/labs/aboutlabs/Isb/pages/
default.aspx.
181 http://icbp.nci.nih.gov/.

Basic Behavioral and Social
Science Research

It has been estimated that human behavior accounts for
almost 40 percent of the risk associated with preventable
premature deaths in the U.S., rising to 55 percent if societal
factors are taken into consideration.'? Health-injuring
behaviors such as smoking, drinking, drug abuse, as well
as inactivity and poor diet, are known to contribute to
many common diseases and adverse health conditions.
Unfortunately, there are an insufficient number of easily
implemented approaches to motivate people to adopt and
maintain healthy behavior. Further, a convincing body of
work including several NIA-supported studies indicates
that low SES, especially low educational attainment, is
associated with premature death and more disability, even
after considering poor health behaviors.'® '3 Compared
to other high-income countries, Americans are less
healthy —living shorter lives and experiencing more illness
and injury—and a 2013 report commissioned by NIH
identified both SES-related access to health care and
individual behavior as contributing to this gap.'®

Recognizing the importance of behavioral and social
factors in health and disease, NIH supports a broad
portfolio of research in the basic behavioral and social
sciences. Research in these areas provides fundamental
knowledge and informs approaches that are essential for
understanding individual and collective systems of behavior
and psychosocial functioning; for predicting, preventing,
and controlling illness; for developing more personalized
(tailored) interventions; for enhancing adherence to
treatment and minimizing the collateral impact of disease;
and for promoting optimal health and well-being across the
lifespan and over generations.

Basic behavioral and social sciences research supported
by NIH is composed of research on behavioral and social
processes, biopsychosocial research, and research on
methodology and measurement. Within the first category
is research on behavior change, including the study of
factors (e.g., cognitive, social, economic, environmental,

%2 Schroeder SA. N Engl J Med. 2007;357(12):1221-8. PMID: 17881753.

83 Avendano M, et al. Am J Public Health. 2009;99(3):540-8. PMID: 19150903.
18 Chapman BP, et al. Am J Epidemiol. 2010;171(1):83-92. PMID: 19965888.
135 http://www.nap.edu/catalog/13497/us-health-in-international-perspective-
shorter-lives-poorer-health.
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developmental) that shape health decision-making and the
conditions under which knowledge leads to action versus
inaction. Basic behavioral economic and decision research
approaches—such as choice architecture that describes the
way in which decisions are influenced by how the choices
are presented, as well as the use of financial incentives to
promote behavior change—are yielding findings that may
be translated into effective interventions to change behavior
and improve health. Basic research on social networks is
improving our understanding of how smoking and obesity
spread through socially connected individuals and provides
insight into how networks might be used as vehicles to
spread healthy behaviors.

In 2010, the Common Fund launched the Science of
Behavior Change program to promote basic research on
the initiation, personalization, and maintenance of behavior
change; knowledge gained through this research ultimately
will be used to develop more effective and efficient behavior
change interventions. In 2012 and 2013, the program held
several meetings where researchers addressed topics
important to advancing the science of behavior change,
including how use-inspired basic research could be included
in ongoing intervention research and clinical trials, and how
we could better harness recent research in neuroplasticity to
inform behavior change intervention.

Also launched in FY 2010, the NIH Basic Behavioral

and Social Science Opportunity Network (OppNet) is a
trans-NIH initiative to pursue opportunities for strengthening
basic behavioral and social science research at NIH.'¢
OppNet continued to fund new work in both FY 2012 and
FY 2013, including projects on the basic neurological and
behavioral decision-making processes, the mechanistic
pathways that link psychosocial stress and behavior.

Biopsychosocial research looks at the interaction between
biological, psychological, and social processes and
includes research on gene-environment interactions and
other biobehavioral processes. Basic research in this
area, for example, examines the processes by which the
social environment, and perceived social isolation, affects

186 http://oppnet.nih.gov/index.asp.

physiologic processes, including gene expression. The
Exposure Biology Program, of the NIH Genes, Environment,
and Health Initiative, supports the development of tools

to measure dietary intake, physical activity, psychosocial
stress, and addictive substances—aspects of the behavioral
and social environment—in addition to tools to measure
environmental pollutants, for future use in studies of
gene-environment interactions. Biopsychosocial research

in humans and rodent models is elucidating how
psychosocial stressors influence biological pathways
involved in the growth and spread of cancer. Knowledge
gained from biopsychosocial research will inform
interventions to prevent, manage, and treat a variety of
diseases and disorders.

Methodological development in the behavioral and social
sciences includes a new emphasis on systems-science
approaches. Much like the systems approaches to biology
described above, systems science examines the multilevel,
complex relationships among the many determinants of
health—biological, behavioral, and social—to provide a

way to address complex problems within the framework

of the big picture. Systems science involves developing
computational models to examine the dynamic relationships
of variables at multiple levels of analysis (e.g., from cells

to society) simultaneously (often through causal feedback
processes) while also studying impact on the behavior of the
system as a whole over time. For instance, systems science
methodologies are beginning to be employed for planning
and preparing against acute threats to public health such
as global spread of a pandemic influenza. The Models of
Infectious Disease Agent Study (MIDAS) is a collaboration
of nine multi-institutional research and informatics groups
and two Centers of Excellence focused on developing
computational models of the interactions between infectious
agents and their hosts, disease spread, prediction systems,
and response strategies. The models will be useful to
policy-makers, public health workers, and other researchers
who want to better understand and respond to emerging
infectious diseases. Chronic diseases and risk factors

for which systems science approaches would enhance

our understanding and decision-making capacity include
heart disease, diabetes, obesity, high blood pressure,
eating behavior, physical activity, smoking, and drug and
alcohol use.


http://oppnet.nih.gov/index.asp
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Figure 2-5. Established in 1953, the Coriell Institute
around the world. Shown here are Coriell’'s cryogenic tanks filled with liquid nitrogen and millions of vials of frozen cells. Credit:

Courtney Sill, Ph.D., Coriell Institute for Medical Research.

for Medlical Research distributes cell lines and DNA samples to researchers

animal models, cell lines, and other vital biomedical research
reagents. Repositories are updated continuously as
resources become available and include:

Research Resources, Infrastructure,
and Technology Development

In building the foundation for its broad portfolio of basic

research programs, NIH makes significant investments in « The Mutant Mouse Regional Resource Centers, ¥
the development of research resources, infrastructure, and which store, maintain, and distribute selected lines of
state-of-the-art technologies to support its broad portfolio of genetically engineered mice
basic research programs. To ensure that research resources

e The National Stem Cell Bank, which makes human

developed with NIH funding are made readily available to
the research community for further study, NIH supports
multiple repositories for the collection and dissemination of

embryonic stem cell lines readily available

187 https://www.mmrrc.org/.
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e The Beta Cell Biology Consortium,® which has
generated animal models and antibodies that are
available to the scientific community for research on type
1 and type 2 diabetes

e BIOLINCG, ™ the Biologic Specimen and Data
Repository, which facilitates access to NHLBI-funded
population-based biospecimen and data resources

e The NIDDK Central Repository,'“° a resource that collects
samples and data from significant NIDDK studies and
provides access to samples and datasets to facilitate
new analyses

¢ The NEI-funded eyeGENE® Network database, ' an
open-access DNA repository of genetic samples from
individuals and families with inherited eye disease

e The NIGMS Human Genetic Cell Repository at Coriell, 2
which houses cells and DNA representing a diverse
collection of healthy individuals and individuals with
various inherited diseases

188 http://www.betacell.org/.

139 https://biolincc.nhlbi.nih.gov/about/.

140 https://www.niddkrepository.org/home/.

1 https://nei.nih.gov/eyegene/FAQs _eyegene.

142 http://www.nigms.nih.gov/Research/SpecificAreas/HGCR/Pages/default.aspx.

NIH also serves as a leading global resource for building,
curating, and providing sophisticated access to imaging,
molecular biology, and genomic information. In addition

to databases, NIH provides resources for retrieving,
visualizing, and analyzing molecular biology and genome
sequence data online. NLM’s NCBI is charged with creating
automated systems for storing and analyzing molecular
biology, biochemistry, and genomic data; facilitating the
use of such databases and software by the research

and medical community; coordinating efforts to gather
biotechnology information both nationally and internationally;
and performing research into advanced methods of
computer-based information processing for analyzing the
structure and function of biologically important molecules.
NCBI’s many genomic databases include:

e GenBank, the largest international collection of publicly
available DNA sequences

e The Sequence Read Archive, which houses quadrillions
of DNA bases from high-throughput sequencing projects

e The Gene Expression Omnibus repository of gene
expression data

e The dbGaP of genetic association studies

More detail on NIH’s efforts to develop and deploy disease
registries, databases, and biomedical information systems
to advance biomedical science, health, and health care

is available in the section on “Harnessing Technology” in
this chapter.


http://www.betacell.org/
https://biolincc.nhlbi.nih.gov/about/
https://www.niddkrepository.org/home/
https://nei.nih.gov/eyegene/FAQs_eyegene
http://www.nigms.nih.gov/Research/SpecificAreas/HGCR/Pages/default.aspx
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Preclinical Translational
Research

Translating basic discoveries from the laboratory into new
or more effective diagnostics and therapeutics is essential
for tackling unmet biomedical needs and improving human
health. However, the translational process can be complex,
costly, and risk-laden, as evidenced by the less than

1 percent of compounds initially tested that actually make
it into the patient’s medicine cabinet. The development

of medical devices, imaging techniques, and behavioral
interventions follow a similar path of progression. It can
take more than a decade before a basic scientific finding

is able to advance through preclinical and clinical studies
to result in a new treatment, medical device, or prevention
method. And many promising leads from basic research falil
to become a proven strategy to address health, often failing
in the preclinical stage.

However, advances in biomedical research and
technologies have created unprecedented opportunities to
transform the translational development pipeline, especially
in the preclinical stage. Recent discoveries in basic science
have uncovered the molecular mechanisms underlying
hundreds of diseases, resulting in many more potential
strategies for intervening against disease progression.
Furthermore, high-throughput technologies are more readily
available to academic investigators and allow all those in
biomedical research to pursue these strategies at what
would have been an unimaginable pace just a few years
ago. For example, this technology can be used to identify
new therapeutic candidates at a rapid speed. Once a drug
candidate is identified, a rigorous optimization process
entails the rapid synthesis of chemical variants and
high-throughput screening for effectiveness, selectivity,

and toxicity. In addition, scientific collaborations are
changing the research landscape significantly by enabling
projects that no one laboratory would be able to
accomplish independently.

NIH is singularly poised to capitalize on these developments.

Numerous NIH programs and resources are dedicated to
supporting research that moves basic research through
to preclinical testing and beyond. NIH also has a unique
capability to foster critical multidisciplinary collaborations,

whose synergistic efforts can lead to new technologies and
devices for diagnosing, preventing, and curing diseases and
for bringing new discoveries into common medical practice.
Similarly, NIH supports the development of consortia,
cooperative study groups, and networks that enable a
single institution or researcher to combine knowledge and
resources with others.

The federal government plays a critical role in focusing on
gaps in translational research that would otherwise remain
unaddressed by other entities, such as pharmaceutical
companies and nonprofit organizations. Specifically, NIH
supports translational studies unlikely to garner substantial
investment by other sources because of insufficient financial
incentives, such as studies that address rare diseases,
entail perceived high risk, or involve lifestyle alterations or
behavioral changes. In its unique position, NIH can bring
together resources that offer unprecedented opportunities.
For example, NIH’s ability to create consortia is particularly
useful for studying rare diseases, as they make it possible
to recruit sufficient numbers of participants to provide the
necessary sample for preclinical and clinical study.

The Discovery of Biomarkers

Each NIH IC supports a robust portfolio of translational
research that exploits basic science discoveries for the
creation of new ways to intervene against specific disease
processes. One important way that basic science may be
used to better clinical treatment is through the identification,
development, and validation of biomarkers. Biomarkers
are physical, functional, or biochemical indicators of
physiologic or disease processes. They play important
roles in diagnosing disease, identifying patient populations
that could benefit from particular therapies, and monitoring
treatment effectiveness.

The Alzheimer’s Disease Neuroimaging Initiative (ADNI)'#
is an example of an innovative public-private partnership
to develop uniform standards for acquiring longitudinal,
multisite biomarker data, including MRI, positron emission
tomography (PET), cerebrospinal fluid, and blood data

to characterize the progression from normal cognition to
Alzheimer’s disease with greater sensitivity. In 2011, the
ADNI entered its second major five-year phase (ADNI 2),

143 http://www.adni-info.org/.



http://www.adni-info.org/

Report of the Director, National Institutes of Health

FYs 2012 & 2013 51

focusing on participants who exhibit the very beginning
stages of memory loss. One important aspect of the study
is that the data will be posted to a publicly accessible
database and available to qualified researchers worldwide.

Biomarkers play an important role in precision medicine;
NIMH’s ongoing focus on precision medicine involves using
brain imaging—currently primarily a research tool—as a
biomarker technology to aid clinical decision-making. Using
PET, NIMH-funded researchers have identified activity
patterns in particular brain regions that can predict which
type of treatment (cognitive behavioral therapy and/or
antidepressant medication) would be of most benefit to an
individual with depression.'* Should follow-up replication
studies confirm the findings, this type of brain imaging may
lead to more personalized and less trial-and-error—based
treatment for depression.

Genomics Translational Research

The rapid pace of genomics research has led to a multitude
of efforts to apply this understanding to the development

of better ways of preventing, detecting, and treating any
number of diseases and conditions.

By developing a deeper understanding of the molecular
and genetic mechanisms that cause cancer, NCl is finding
new ways of identifying those at risk for certain cancers
and determining more precise strategies to treat those with
cancer. Within its Center for Cancer Genomics, the Cancer
Genome Atlas (TCGA)'* is a multi-institutional, collaborative
study conducted jointly with NHGRI that seeks to identify
the changes in each cancer’s genome that results in specific
subtypes of that cancer. The Cancer Imaging Archive
(TCIA), "¢ recently established by NCI, is adding clinical
imaging data from the same individuals from whom this
genomic data is generated to apply advanced radiomics
techniques to correlate genomics and disease type/staging
with the phenotypic features visualized by clinicians through
different imaging modalities. This knowledge will ultimately
lay the foundation for improving cancer prevention, early
detection, and treatment. The Imaging Archive recently
cataloged the genetic alterations in nine important cancers

144 http://www.nimh.nih.gov/news/science-news/2013/scan-predicts-whether-
therapy-or-meds-will-best-lift-depression.shtml.

145 http://cancergenome.nih.gov/.

146 http://www.cancerimagingarchive.net/.

for which early diagnostic methods, broadly applicable
prevention strategies, and effective therapies are not
yet available.

NHLBI has funded several genome consortia with

strong translational components. Research focuses
include identifying genetic variants that may explain why
some people with asthma do not benefit from inhaled
corticosteroids, identifying gene and chromosomal
variations that affect pulmonary fibrosis risk and cystic
fibrosis severity, improving outcome prediction for
myelodysplastic syndromes, identifying genetic factors that
influence blood pressure, and developing a blood test to
predict the future development of diabetes.

Scientists are discovering more and more specific genetic
variations that may influence an individual’s response to
medications. By identifying these variations, health care
providers will move beyond the current one-size-fits-all
approach to treatment toward prescribing drugs and
dosages that are tailored to the individual’s genetic
make-up. A collaborative effort across several NIH ICs, the
Pharmacogenetics Research Network (PGRN)'* is helping
meet the urgent need for experts in pharmacogenomics and
personalized medicine by creating a nationwide network of
researchers and numerous resources to facilitate their work.
The Pharmacogenetics and Pharmacogenomics Knowledge
Base (PharmGKB), a component of PGRN, sponsors

data sharing within and beyond the consortia. Recently,
PharmGKB collaborated with several genomics groups at
Stanford University to develop an integrative personal omics
profile that combines genomic, transcriptomic, proteomic,
metabolomic, and autoantibody data from a single individual
over a 14-month period, providing a rich data resource for
numerous studies.

NHGRI is conducting a large pilot project to test ways in
which high-throughput genome sequencing might be used
in a clinical setting for diagnosing and treating patients.
Using the NIH CC, the trial, dubbed ClinSeq (Clinical
Sequencing), has enrolled more than 1,000 patients to date
with a spectrum of coronary artery calcification, from normal
to diseased, and will sequence 200 to 400 areas of their
DNA that contain genes suspected of involvement in heart
disease. The investigators also are working to enhance the

47 http://www.pgrn.org/.
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racial diversity of study participants by starting to recruit
500 African Americans into the project. Patients will have
the option of learning the outcome of their tests, and

those who carry a variant of a gene that has been linked to
disease will be counseled and followed, possibly for years.
The study is designed both as a pilot project to explore
ways of using genome sequencing in patient treatment and
as an effort to develop new data about particular genes’
involvement in heart disease. The project may expand in its
later stages to cover other diseases.

In a program known as the Multiplex Initiative, individuals
25 to 40 years old have been offered free testing for

15 genes associated with higher risk for type 2 diabetes,
heart disease, high cholesterol, high blood pressure,
osteoporosis, lung cancer, colorectal cancer, and malignant
melanoma.'*® Participants were followed to see whether
they changed their behavior (e.g., by adopting a healthier
lifestyle or diet) in response to their test results. Interestingly,
the study found that receiving the results of genetic tests
did not trigger increased use of health services among the
study’s participants.'#®

Behavioral and Social Sciences
Translational Research

Multiple efforts across NIH seek to translate basic behavioral
and social sciences research into clinical interventions.

For example, NIA supports the Edward R. Roybal Centers
for Translation Research in the Behavioral and Social
Sciences in Aging.° The goal of the Centers is to improve
the health, quality of life, and productivity of middle-aged
and older people through the effective translation of basic
research into practical application. Roybal investigators
have developed new tools and technologies for a variety
of applications, including identifying older adults at risk

for automobile crash involvement and a “living laboratory”
model methodology for in-home assessment of activity to
facilitate early detection of changes in health or memory.
Investigators also have partnered with employers to test
“prompts” to motivate health-related behaviors. Several
Centers focus on the social network underpinnings of
selected health problems affecting older people, such as
obesity and cancer; develop new interventions to improve

48 https://multiplex.nih.gov/.

49 Reid RJ, et al. Genet Med. 2012;14(10):852-9. PMID: 22595941.

180 http://www.nia.nih.gov/research/dbsr/edward-r-roybal-centers-translation-
research-behavioral-and-social-sciences-aging.

health outcomes and well-being while reducing costs;
and foster translation of approaches from behavioral
economics to the improvement of health care delivery
for older adults.

Tissue Chips for Drug Screening

A new technology has the potential to streamline
therapeutic development. Microchips lined by human
cells—so called “organs-on-chips,” or “tissue chips” —are
bio-engineered microdevices that represent functional units
of human organs, such as the lung, liver, and heart, which
model both cell architecture and physiology. This novel

in vitro platform could help ensure that safe and effective
therapeutics are identified sooner and ineffective or toxic
ones are rejected earlier in the drug development process.
These tissue chips also are useful for modeling human
diseases and may prove to be viable alternatives to the
use of animal models.

In 2012, NIH announced new projects aimed at creating
3-D tissue chips. This new Tissue Chip for Drug Screening
initiative'®" is part of a wider collaboration with DARPA and
FDA. Early results indicate that these multicellular systems
more closely replicate human physiology than current
standard cell culture assays. The researchers are sharing
resources and expertise to integrate their systems toward
the objective of establishing a “human-on-a-chip.”

Discovering New Therapeutic
Uses for Existing Molecules

Launched in May 2012, the NCATS’ Discovering New
Therapeutic Uses for Existing Molecules program'®? helps
re-engineer the research pipeline using an innovative
strategy to identify new uses for candidate drugs that have
already undergone significant research and development
by industry, including safety testing in humans. This
collaborative program is designed to develop partnerships
between pharmaceutical companies and the biomedical
research community to advance therapeutics development.
By using candidate drugs that already have cleared
several key steps in the development process, scientists
nationwide have a strong starting point to contribute

their unique expertise and accelerate the pace of
therapeutics development.

®1 http://www.nih.gov/news/health/jul2012/ncats-24.htm.
82 http://www.ncats.nih.gov/ntu.
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Ficure 2-6. An NIH-FUNDED TISSUE CHIP RESEARCHER WORKS WITH A KIDNEY ON A CHIP. CREDIT: UNIVERSITY OF WASHINGTON, SEATTLE.

Clinical Research

NIH places a high priority on clinical research because

it is the primary source of insights about new means

for reducing the burden of illness and improving public
health. Clinical research involves direct interaction between
investigators and human subjects or the use of material

of human origin, such as tissues, specimens, and data
that retain information that would allow the investigator

to readily ascertain the identity of the subject. Clinical

research includes clinical trials, behavioral and observational
studies including long-term natural history studies, and
outcomes research.

At the overarching level of the NIH Office of the Director,

the Office of Science Policy works on an array of issues

and activities designed to harmonize regulatory aspects
governing the conduct of clinical research to enhance the
consistency of the rules and to ensure utmost consideration
for the safety, rights, and welfare of subjects while
minimizing unnecessary burdens on investigators. For
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example, NIH has partnered with several federal agencies
to ensure that a standard reporting format called the Basal
Adverse Event Report (BAER) is available for investigators to
report adverse events associated with their clinical research.
The BAER is designed to simplify and streamline the
submission of safety reports to multiple agencies.

Clinical trials are a crucial subset of clinical research. They
are the best method of determining whether interventions
are safe and effective in people and assessing side

effects or other complications. They are designed to
answer specific research questions about biomedical

or behavioral interventions. NIH supports many types of
clinical trials. Treatment trials might test experimental drugs
or devices, new combinations of drugs, or innovative
approaches to surgery or radiation therapy. Prevention
trials look for better ways either to prevent a disease or to
prevent it from returning, and they may employ research
approaches assessing medicines, vaccines, and lifestyle
changes, among other things. Screening and diagnostic
trials are conducted to find better ways to detect or
diagnose diseases or conditions, and quality-of-life trials
(or supportive care trials) explore ways to improve people’s
comfort and ability to continue the activities of daily life,
even as they deal with chronic illnesses or approach the
end of life.

The translation and transfer of research knowledge and
clinical trial findings into hospitals, doctors’ offices, and
community settings is essential if patients are to reap the
benefits of clinical research. NIH nurtures strategies that
bring basic research discoveries and clinical research into
practice. NIH also developed an important educational site
called NIH Clinical Research Trials and You'® to help people
learn more about clinical trials, why they matter, and how

to participate (see section on “Information at the Service of
Health” in this chapter).

The federal government plays a critical role by supporting
important areas of clinical research that are unlikely or
rarely addressed by other sectors (e.g., pharmaceutical
companies, nonprofit organizations). Specifically, NIH
supports clinical and translational studies unlikely to garner
substantial investment from other sources because of
insufficient financial incentives. Examples include studies

%8 http://www.nih.gov/health/clinicaltrials/index.htm.

that address rare diseases, are considered high risk, and/
or are based on lifestyle alterations or behavioral changes
rather than drugs or devices. NIH ICs oversee a broad
portfolio of clinical research that encompasses intramural
and extramural programs.

Clinical Resources and Programs

The NIH Clinical and Translational Science Awards

(CTSA) Program’s goal is to catalyze the translation of
biomedical discoveries into better health by creating an
integrated research and training environment for clinical and
translational sciences and support for research resources
needed by local and national research communities to
improve quality and efficiency across the translational
research continuum. The CTSA Program, led by NCATS,
seeks to develop a clinical and translational workforce

with the skills and knowledge necessary to advance the
translation of discoveries, promote collaboration and
engagement across a broad range of investigators and
stakeholders, integrate translational research within complex
populations and across the lifespan, and improve research
methods and processes. CTSA Program-developed
methods and processes to improve translational research
include ResearchMatch, a free, secure national registry
aimed at improving research participant recruitment. It
connects people who are looking for research studies with
researchers who are seeking people to participate in their
studies. Another example is REDCap, an easy-to-use,
freely available tool for clinical study management and data
capture that allows investigators to build and manage online
surveys and databases.

A CTSA award also supported a breakthrough in brain-
computer-interface research, in which a paralyzed individual
was able to control a robot arm via electrodes implanted

in the individual’s brain.'®* A multidisciplinary team of
researchers is exploring two different computerized chips
that convert brain signals into an action simply through the
patient’s thinking about the action. Another award funded
research using imaging technology to understand the brain’s
response to sugar. This approach could improve scientists’
knowledge of the brain’s role in obesity and could lead to
the development of new biomarkers for the condition.

%4 Collinger JL, et al. Lancet. 2013;381(9866):557-64. PMID: 23253623.
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NIH Clinical Center

As mentioned in Chapter 1, the NIH Clinical Center (CC)

is conducting approximately 1,500 studies at any given
time. Over the years, the CC, along with its active partners
and research participants, contributed to milestone
achievements such as the development of chemotherapy
for cancer; the first use of an immunotoxin to treat a
malignancy (hairy cell leukemia); identification of the genes
that cause kidney cancer, leading to the development of
six new, targeted treatments for advanced kidney cancer;
demonstration that lithium helps depression; the first gene
therapy; the first treatment of AIDS (with the antiretroviral
drug AZT); and the development of tests to detect
AIDS/HIV and hepatitis viruses in blood, which led to

a safer blood supply.

Along with NHGRI and the Office of Rare Diseases Research
(ORDR), the CC hosts the Undiagnosed Diseases Program
(UDP),'®5 which has two main goals—to provide answers to
patients with mysterious conditions that have long eluded
diagnosis and to advance medical knowledge about rare
and common diseases. Between its inception in 2008 and
2013, the UDP has received nearly 10,000 inquiries, reviewed
more than 3,000 applications, and enrolled approximately
600 undiagnosed children and adults in its clinical protocols.
The multidisciplinary clinical and research team diagnosed
approximately 100 patients (20 to 25 percent of those
evaluated), discovered two unknown diseases, and identified
15 genes not previously associated with any other human
disease. A combination of genomic and clinical analyses
contributed to the diagnoses. Building upon the experience
and expertise of the UDP, the Common Fund launched the
Undiagnosed Diseases Network in 2012 to establish clinical
sites for diagnosis of rare and new diseases at academic
centers across the country. '

A new initiative led in partnership with NICHD and several
other ICs aims to make the NIH CC'’s research resources
available to investigators outside the NIH campus by
conducting research projects in collaboration with NIH
intramural investigators related to the translation of basic
biological discoveries into clinical applications that improve
health. This program will provide access for external
researchers to the NIH CC; thus, it will leverage the

185 http://rarediseases.info.nih.gov/research/pages/27/undiagnosed-diseases-
program.
186 http://commonfund.nih.gov/diseas

diverse CC resources, expertise, and infrastructure
available to support studies that may not be readily
supported elsewhere.®”

Institute and Center Clinical
Research Activities

Nearly all of the NIH ICs support a combination of
resources, programs, and initiatives targeted toward
strengthening clinical research through either the
enhancement of existing capacities or the engineering of
new ones. Clinical testing of novel therapies for disorders
is critically important to the development of new treatments
for patients and is necessary for advancing new research
discoveries into clinical practice. However, clinical trials
require a significant amount of administrative, financial, and
scientific resources, particularly during the start-up period
when the infrastructure must be established and protocols
approved. NINDS is expediting this process through two
clinical trials networks for neurological conditions. The
Network for Excellence in Neuroscience Clinical Trials
(NeuroNEXT)'s8 offers shared neurology expertise and
infrastructure for early stage clinical trials, including support
for patient recruitment, protocol-development assistance,
and a central institutional review board (IRB). The network
assures broad access to these resources for testing new
therapies in development by carrying out trials in partnership
with industry, foundations, or academia, and the network
will enable more informed decisions about which treatments
to move into later stage Phase lll trials. Four studies

are currently underway in NeuroNEXT: one is identifying
biomarkers for spinal muscular atrophy, and the others are
testing new therapeutic regimens for progressive multiple
sclerosis, myasthenia gravis, and severe stroke.

NINDS also supports the Neurological Emergencies
Treatment Trials (NETT) network,'® a national network of
centers that perform Phase lll clinical trials of treatments
for neurological conditions that are commonly treated in
the emergency room. Similar to NeuroNEXT, the network
uses shared infrastructure and streamlined mechanisms
to maximize efficiency and expedite patient recruitment
into clinical trials. However, NETT is specialized to conduct
trials in prehospital and emergency room settings, which

57 http://grants.nih.gov/grants/quide/pa-files/PAR-13-029.html.
188 http://www.neuronext.org/.
189 https://nett.umich.edu/.
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are complex due to special considerations regarding
patient consent and the requirement for collaboration
across medical disciplines, such as neurology, emergency
medicine, and radiology. Since its establishment, NETT

has conducted five major clinical trials in neurological
diseases, including stroke, traumatic brain injury, and status
epilepticus, a prolonged and life-threatening seizure.

New medications to treat mental illness are needed urgently.
Existing medications can be helpful, but they often have
significant limitations, in some cases requiring weeks to take
effect, failing to relieve symptoms in a significant proportion

of patients, or resulting in debilitating side effects. However,
developing new medications is a lengthy and expensive
process. Many promising compounds fail to prove effective
in clinical testing after years of preliminary research.

To address this issue, NIMH is working to accelerate

the pace of drug discovery through an “experimental
medicine” approach to evaluating novel interventions for
mental ilinesses. This fast-fail strategy is designed not

only to identify quickly those compounds that merit more
extensive testing but also to identify targets in the brain for
the development of additional candidate compounds.The
strategy calls for small trials focused on proof-of-concept

Figure 2-7. NIH clinical technician with a patient using an electronic medical record. Credit: NIH.
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experimental medicine paradigms to demonstrate target
engagement, safety, and early signs of efficacy. In

FY 2013, NIMH launched new contracts for Fast-Fail

Trials in Autism Spectrum Disorders, Mood and Anxiety
Spectrum Disorders, and Psychotic Spectrum Disorders, as
well as Rapidly Acting Treatments for Treatment-Resistant
Depression (RAPID). 1€

NIH is working to develop policies to improve the
complications that may arise from mulltiple institutional
reviews of a single clinical protocol for multisite trials
where reviews can be a barrier to the efficient and timely
initiation of trials. For instance, NCI developed a central
IRB initiative to improve access to NCl-sponsored trials
within the National Clinical Trials Network (NCTN),"®" and
now the Institute is expanding those efforts to include the
Experimental Therapeutics-Clinical Trials Network with
Phase | Emphasis.'® This enables local IRBs to approve
clinical trials rapidly through the use of a facilitated review
process, enhance the protection of study participants by
providing consistent expert IRB review at the national level,
and reduce the administrative burdens associated with IRB
submission on local IRB staff and investigators. Moreover,
the NIH Clinical Research Policy Analysis and Coordination
program is a focal point for streamlining and optimizing
policies and requirements concerning the conduct and
oversight of clinical research.

The NIAID Primary Immune Deficiency Clinic acts as

a gateway to the NIH CC for patients with known or
suspected primary immune deficiency diseases to be
examined and receive a disease diagnosis and better
treatment recommendations. Primary and secondary
(acquired) forms of immunodeficiency result from the
absence, suppression, or dysfunction of an entire set

of immune cells or other immune system components.
Combining clinical research with genomic sequencing
technologies, NIAID and other NIH investigators are rapidly
discovering, diagnosing, and treating immunodeficiencies
of previously unknown cause. Intensive molecular follow-up
investigation of these rare genetic disorders can elucidate
fundamental biological pathways and mechanisms and lead

160 http://www.nimh.nih.gov/research-priorities/research-initiatives/fast-fast-fail-
trials.shtml.

61 http://www.cancer.gov/clinicaltrials/nctn.

162 http://ctep.cancer.gov/initiativesPrograms/etctn.htm.

directly to new treatment approaches. NIAID and ORDR
also support the Primary Immune Deficiency Treatment
Consortium, which consists of 13 major centers in North
America whose shared goal is to improve the outcome of
patients with rare, life-threatening, inherited disorders of
the immune system.

Widespread adoption of the electronic medical record
(EMR) can potentially establish new frontiers for the use of
genomics in medicine. The Electronic Medical Records and
Genomics (eMERGE) Network, funded by NHGRI, aims to
develop, disseminate, and apply research approaches that
combine the use of large DNA collections (biorepositories)
with EMR systems. In doing so, this should enable large-
scale, high-throughput genomic methods for use in

clinical research and ongoing clinical care. eMERGE also
is studying the ethical, legal, and social issues involved in
the use of EMRs for genomics research, such as privacy,
confidentiality, and interactions with the public. The
eMERGE Network successfully accomplished its Phase |
(2007-2011) aims and has entered Phase Il (2011-2015).
The key goal of eMERGE Il is to explore the best avenues
to incorporate genetic variants into EMRs for use in clinical
care among diverse populations. To accomplish this, the
Network expanded its member sites from five in Phase | to
seven in Phase Il to include racial/ethnic minorities and rural
participants. The number of study participants increased
from approximately 19,000 to approximately 87,000.

NIH also has specific initiatives to restructure the clinical
trials enterprise in the area of oncology. For example, the
Standard Terms of Agreement for Research Trials are
designed to help cut the time spent on contract negotiations
between pharmaceutical and biotechnology companies and
academic medical centers. In addition, NCI’'s Clinical Trials
Reporting Program is a comprehensive database containing
regularly updated information, including accrual, on all
NCI-supported interventional clinical trials. This information
will be used to coordinate clinical research efforts to
optimize the nation’s investment in cancer research.
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Comparative effectiveness research (CER) improves health
outcomes through the development and dissemination

of evidence-based information to patients, clinicians,

and decision-makers about which interventions are most
effective under certain circumstances. One example of
CER is that done by NHLBI's Cardiothoracic Surgical Trials
Network, which was created to compare different surgical
techniques and to establish evidence of effectiveness of
particular surgical approaches, devices, and products

for CVD. Researchers compared two different forms of
coronary artery bypass graft surgery and found that,
compared to the traditional open vein procedure, the less
invasive endoscopic vein harvest was associated with
significantly reduced wound complications. '

The Food and Drug Administration Modernization Act

of 1997 (FDAMA) required the establishment of a public
information resource containing information about federally
and privately funded clinical trials testing the effectiveness
of investigational new drugs regulated by FDA for patients
with serious or life-threatening conditions. The responsibility
for building and maintaining the resource was assigned to
NIH. Launched in 2000, the ClinicalTrials.gov database is
managed by NLM.

The Food and Drug Administration Amendments Act

of 2007 (FDAAA) expanded the scope and purpose of
ClinicalTrials.gov. Under FDAAA, more types of clinical

trials are required to be registered in ClinicalTrials.gov, and
additional information about those trials is required to be
submitted to ClinicalTrials.gov. Specifically, FDAAA requires
the registration of “applicable clinical trials,” which are,
generally, trials of FDA-regulated drugs (other than Phase |),
biological products, certain devices, and certain pediatric
postmarket surveillance studies of a device, no later than

21 days after enrolling the first subject. The law also requires
the submission of summary trial results, including adverse-
event information, generally no later than 12 months after
the completion date of the trial with certain exceptions
where delayed disclosure is permitted. The law also includes
penalties for noncompliance. As required by the law, the
expanded registration database was launched three months

168 Williams JB, et al. JAMA. 2012;308(5):475-84. PMID: 22851114.

after the law was enacted, the results database a year after
the law was enacted (September 2008), and the adverse
event module the following year (September 2009).

ClinicalTrials.gov is the largest, most often used public
clinical trial registry and results database in the world.

It provides patients, family members, health care
professionals, clinical researchers, and other members of
the public access to information about clinical trials on a
wide range of diseases and conditions. It enables users

to (1) search for clinical trials of drugs, biologics, devices,
and other interventions (e.g., by condition, intervention,

or sponsor) and obtain information about the studies

(e.g., purpose, design, and facility locations); (2) track

the progress of a study from initiation to completion;

and (3) obtain summary research results, whether or not
they are published. The unique identifier assigned by
ClinicalTrials.gov to each registered trial has become a de
facto standard for identifying clinical trials and is widely and
routinely used in medical journal articles, PubMed/MEDLINE
citations, congressional documents, and press releases.

Inclusion of Women and Minorities
in Clinical Research

The “efficacy-effectiveness” gap is a term used to show
that interventions that show benefit in clinical trials do

not always perform as well in the population at large.
One way of decreasing the gap includes taking steps to
ensure the scientifically appropriate inclusion in a given
study of research participants that are representative of
the population likely to use the product if it is approved.
The NIH Revitalization Act of 1993 (Public Law 103-43)
requires that all NIH-funded clinical research include women
and members of minority groups when appropriate to the
participants and the proposed research. To meet these
statutory requirements, all NIH-funded clinical research is
subject to the NIH Policy on the Inclusion of Women and
Minorities as Subjects in Clinical Research. 4

In accordance with the inclusion policy, applicants are
required to describe what populations will be included in
the proposed study, justify the exclusion of specific groups,

164 http://grants.nih.gov/grants/funding/women_min/women_min.htm.
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and provide planned enrollment information. Scientific
Review Groups assess proposed clinical research studies,
consider whether sufficient information is provided regarding
the plans for the inclusion of women and minorities, and
determine whether the recruitment strategy is realistic and
appropriate for the scientific goals. Investigators also are
required to report annually their cumulative enroliment data
by sex/gender, race, and ethnicity of participants. Inclusion
enrollment data are reported biennially in aggregate in

the report titled Monitoring Adherence to the NIH Policy
on the Inclusion of Women and Minorities as Subjects in
Clinical Research (See Appendix F)."®® The 2013 report
(which covers FY 2011 and 2012) indicates that in FY
2012, women constituted 57 percent of the 17.7 million
participants in clinical studies; the percentage of female
participants has remained fairly stable over the previous
10-year period. In addition, 28.7 percent of participants in
U.S.-based studies identified themselves as a minority.

Over the past four years, NIH has focused on streamlining
the inclusion monitoring and data reporting process to
reduce burden and shift the focus to better understanding
how inclusion is reflected in the NIH portfolio. For example,
NHLBI recently conducted an analysis of its cardiovascular
clinical trials and found that in FY 2013, nearly 70 percent
of participants in these trials were women, including
participation in the renowned Women’s Health Initiative.'®®
NIH continues to emphasize the vital role of applicants, peer
reviewers, funded investigators, advisory groups, and NIH
staff in monitoring adherence to the NIH inclusion policy and
management of grants, contracts, cooperative agreements,
and intramural research projects involving NIH-defined
clinical research.

165 http://orwh.od.nih.gov/research/inclusion/reports.asp.
166 http://www.nhlbi.nih.gov/about/directorscorner/messages/womens-health-a-
legacy-of-commitment-.html.

Postclinical Translational
Research

Postclinical translational research ensures that
evidence-based interventions are broadly applied and
accessible to those who need them most. HHS pursues
this effort primarily through its support of health services
research. Health services research is a multidisciplinary
field, both basic and applied, that examines how social
factors, organizational structures and processes, health
technologies, and personal beliefs and behaviors affect
access to and utilization of health care, the quality and cost
of health care, and ultimately our health and well-being. The
goals of health services research are to identify the most
effective ways to organize, manage, and deliver high-quality
care.'®” Within HHS, AHRQ has primary responsibility

for health services research. NIH also supports health
services research, focusing on questions that are specific
to the missions of each of the ICs. In general, NIH funds
health services research in which health outcomes and
health-related behaviors are the primary focus and the
connection between the subjects of the study and improved
understanding of health are clear and explicit.

NIH undertakes a number of activities to ensure that the
rich evidence base created through basic and clinical
research is translated and used to enhance health and
reduce illness and disability. The focus of health services
research is on optimizing the health care delivery system

to supply care based on scientific evidence. As efficacious
interventions are developed and tested, a more detailed
understanding is needed to establish that they are effective
in real world settings, including ensuring that they are
adopted and implemented appropriately and with sustained
investment. NIH is especially interested in research designed
to understand how innovations in treatment, diagnosis,
prevention, and implementation strategies can be deployed
most effectively to improve health and well-being, as well
as research aimed at designing better interventions with
these insights.

167 Report of the Blue Ribbon Task Force on Health Services Research at the
National Institute on Drug Abuse, 2004. Available at: https://www.drugabuse.gov/
sites/default/files/files/HSRReport.pdf.
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Partnering with Health Care
Delivery Organizations

Health care delivery organizations are critical partners with
NIH efforts to study the methods and models for adopting
and sustaining evidence-based interventions. Through
research within actual health care delivery settings, studies
may provide crucial information that can help us deliver
interventions faster and more effectively. An additional
benefit is having access to the immense resources that
health care delivery organizations offer, such as EMRs

for thousands of patients. Already a number of NIH ICs
support collaborative activities between health care delivery
organizations, such as health maintenance organizations
(HMOs), and biomedical researchers to implement large
studies with real-world benefits.

The NCI Cancer Research Network (CRN) consists of

the research programs, enrolled populations, and data
systems of nine HMOs nationwide that, collectively, provide
care to almost 10 million individuals. First funded in 1999,
CRN research focuses on the characteristics of patients,
clinicians, communities, and health systems that lead to
the best possible outcomes in cancer prevention and care.
The CRN allows for large, multicenter, multidisciplinary
intervention research that addresses the spectrum of cancer
control, including studies of prevention, early detection,
treatment, survivorship, surveillance, and end-of-life care.
The CRN also develops and uses standardized approaches
to data collection, data management, and analysis across
health systems. CRN activities have generated more than
295 journal publications in a range of disciplines.

A major initiative of NIMH, the Mental Health Research
Network (MHRN) is a network of 13 research organizations
affiliated with nonprofit health care systems serving a diverse
population of 12.5 million people with mental ilinesses in

15 states. In addition to providing care, these systems
share rich and compatible data resources to support a
wide range of effectiveness research. By linking health
information databases and creating an efficient process for
assessing outcomes, MHRN is working to transform the
world of health care practice into a laboratory for research.
For example, MHRN researchers are conducting trials to
study a behavioral therapy to treat perinatal depression and
a preventive suicide intervention.

The Common Fund’s Health Care Systems Research
Collaboratory aims to strengthen the national capacity to
implement cost-effective large-scale research studies that
engage health care delivery organizations to implement
pragmatic research studies in real world health care delivery
settings.'® Led by NCCAM and NIMH, this program is
providing a framework of implementation of methods and
best practices that will enable the participation of many
health care systems in clinical research. The Collaboratory
supports the design and rapid execution of several
high-impact Pragmatic Clinical Trial Demonstration Projects.
The first projects, awarded in September 2012, address
questions of major public health importance, including
reducing health care—associated infections and hospital
readmissions, improving colorectal cancer screening

rates, implementing night time dosing of antihypertensive
medication, examining suicide prevention strategies,
examining effectiveness of epidemiological benchmarks

in imaging reporting to reduce subsequent treatment,
evaluating integration of psychosocial services into primary
care to help patients self-manage their condition, and
studying the effects of a systematic implementation of a
hemodialysis session of at least four hours.

Disseminating and Implementing
Clinical Research Discoveries

Dissemination and implementation research is intended

to bridge the gap between clinical research and everyday
practice by building a knowledge base that addresses how
health information, interventions, and new clinical practices
are transmitted and translated for public health and health
care service use in specific settings. For example, NIDA has
created two implementation infrastructures, the National
Drug Abuse Treatment Clinical Trials Network (CTN) and the
Juvenile Justice Translational Research on Interventions for
Adolescents in the Legal System (JJ-TRIALS), a multisite
cooperative agreement. CTN is exemplary of efforts to
translate research into practice, testing feasibility and
measuring variables tied to implementation success. This
research infrastructure promotes feedback from multiple

168 http://commonfund.nih.gov/hescollaboratory/index.
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stakeholders, which is then integrated to improve drug
abuse and addiction treatments, making them more feasible
and readily available to those who need them. Launched in
2013, JJ-TRIALS will test different strategies for improving
the delivery of evidence-based substance abuse and HIV
prevention and treatment services to justice-involved youth.

Another example of bridging the gap between research
and practice concerns optimizing treatments for Tourette
syndrome (TS). Although TS commonly has been treated
with antipsychotic medications, these medications rarely
eliminate tics entirely and can cause troubling side effects
such as weight gain and sedation. Consequently, many
patients decline or discontinue use of these medications.
Few large-scale studies have examined the effectiveness
of behavioral interventions for TS until recently, when an
NIMH-funded team of investigators found an effective
comprehensive behavioral intervention for tics. The
researchers are working with the Tourette Syndrome
Association and CDC to disseminate this intervention by
offering training workshops to clinicians around the country.

The NIMH Recovery After an Initial Schizophrenia Episode
(RAISE) project'® is translating evidence of treatments
that have been determined to be effective into practice. In
FY 2018, the RAISE Early Treatment Program completed
recruitment for a large-scale practical clinical trial. The

trial focused on maintaining the fidelity of the specialty
care intervention as it is delivered over time and retaining
individuals in treatment, as well as identifying and
addressing factors that currently delay the start of effective
treatment for individuals experiencing a first episode of
psychosis. Results from the RAISE Connection Program
informed the development of a new service initiative in New
York designed to help young adults with newly emerging
psychotic symptoms.

Initiated in 2005, NIDCR-supported dental Practice-based
Research Networks (PBRNSs) are an investigative union of
practicing dentists and academic scientists. An advantage
of this network is that because PBRNs address practice-

169 http://www.nimh.nih.gov/health/topics/schizophrenia/raise/index.shtml.

based problems, their results tend to be more quickly
translated into daily clinical care. The second phase of this
initiative, launched in 2012, is the National Dental PBRN,7©
a seven-year project that consolidates the initiative into

a unified nationally coordinated effort. The main goals of
the Network are to conduct national oral health research
studies in dental practices on topics of importance to
practitioners, to provide evidence useful in daily patient
care, and to facilitate the translation of research findings into
clinical practice. The breadth of the Network allows data to
be produced that can be better generalized to the highly
diverse U.S. population.

NHGRI’s Clinical Sequencing Exploratory Research (CSER)
initiative grantees are working to address critical questions
about the application of genomic sequencing to the clinical
care of individual patients, from generation of genomic
sequence data, to interpretation and translation of the data
for the physician, to communication to the patient, including
an examination of the ethical, legal, and psychosocial
implications of bringing broad genomic data into the clinic.
The collaborative and cooperative nature of the CSER
initiative is designed to facilitate the development and
standardization of best practices and common approaches
to clinical translation.

Additionally, NIH partners with other federal agencies to
ensure that the evidence produced at NIH is understood
and used. For example, NIH works closely with AHRQ to
create comprehensive systematic reviews of clinical trials
that summarize the state of medical evidence for health care
providers and existing gaps for the research community.

Global Mental Health

NIMH established the Collaborative Hubs for International
Research on Mental Health'”" to increase the research
base for mental health interventions in low- and middle-
income countries (LMICs) through integration of findings
from translational, clinical, epidemiological, and/or policy

70 http://www.nidcr.nih.gov/Research/ResearchResults/NewsReleases/
CurrentNewsReleases/NDPBRN.htm.

71 http://www.nimh.nih.gov/about/organization/gmh/globalhubs/index.shtml.
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research. The program aims to expand research activities in
LMICs with the goal of providing the necessary knowledge,
tools, and sustainable research-based strategies for use

by government agencies, nongovernmental organizations,
and health care institutions to reduce the mental health
treatment gap. Lessons learned from these contexts

can inform mental health service delivery in other low-
resource settings.

As a group, awardees constitute a collaborative network
of regional hubs for mental health research in Africa,
Asia, and Latin America with capabilities for answering
research questions (within and across regions) aimed at
improving mental health outcomes for men, women, and
children. Each hub supports research on task-shifting/
task-sharing for the delivery of mental health services
and provides research capacity-building opportunities.
Hub teams are interdisciplinary, with strong interests in
increasing the capacity of mental health services; enhancing
collaborative learning and development; integrating local,
state, and national health interventions; and building
relationships with governmental, nongovernmental, and
community-based stakeholders.

ealth Rocks!
Youth Ambassador Summit celebrates

- i

Figure 2-8. National Drug Facts Week® is a national health observance for teens to promote local events that use NIDA science to

Information at the
Service of Health

The main goals of NIH’s information communication efforts
are to broaden participation in biomedical research and

to disseminate biomedical research findings with the
ultimate goal of improving health outcomes—especially in
medically underserved communities. It is essential that NIH’s
communications efforts maintain relevance and credibility
with target audiences amid rapidly changing expectations
and media formats. Communications products also are
designed to reach audiences who are more affected by a
specific health risk, disease, or disorder. Through their public
information materials, campaigns and clearinghouses, NIH
communications offices continue to respond to changes

in health and science communications, such as how
audiences obtain health and science information.

Disseminating Health Information

NIH has a long history of translating scientific findings

into useful information for the public, physicians,

nurses, caregivers, and others. NIH partnerships and
communication strategies are designed to accomplish this
economically and effectively. Health information developed
by NIH is based on peer-reviewed, cutting-edge science
and is designed to meet the needs of the community and to
be easily accessed and understood.
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The NIH News in Health, a product of the NIH Office of
Communications and Public Liaison (OCPL), and the Health
Information Portal on the Health Information site bring the
most recent and vetted health information to the public in a
format that is accessible and in plain language. OCPL also
produces Research Matters, which highlights significant
science in a blog-like form that seeks to improve public
understanding of current science.

In addition, information for consumers and clinicians on
prevention and treatment of diseases and conditions and
reviews of clinical effectiveness research are available through
NLM’s PubMed Health database. For example, the NIH
MedlinePlus magazine and its bilingual Spanish counterpart
NIH Medline Plus Salud are quarterly consumer magazines
focused on bringing the latest clinical findings to patients
and their families. The magazines are complementary to

the MedlinePlus'™ and MedlinePlus en espafiol'”® websites,
provided by NLM, which offer trusted, consumer-oriented
health information on more than 950 health topics, as well as
on drugs, herbs, and supplements.

The translation and transfer of research knowledge and
clinical trial findings to hospitals, doctors’ offices, and
community settings are of the utmost importance. NIH
nurtures strategies that bring basic research discoveries
and clinical research into practice. For instance, in 2013,
NHLBI partnered with the American Heart Association (AHA)
and the American College of Cardiology to develop CVD
prevention guidelines relating to the management of high
blood cholesterol, high blood pressure, and obesity. NHLBI
reviewed and synthesized the evidence needed, while AHA
and the American College of Cardiology developed and
disseminated the guidelines.

Patient Recruitment for Clinical Trials

The public relies on physicians for information and guidance.
Physicians also play a pivotal role in informing, recruiting,
and enrolling participants in clinical research trials. Although
volunteers in clinical research are more important than ever
before, most Americans have never participated in clinical
research. There are several contributing factors behind

this, including:

e Many doctors do not suggest clinical research studies
to their patients.

72 http://www.nlm.nih.gov/medlineplus/.
173 http://www.nlm.nih.gov/medlineplus/spanish/medlineplus.html.

e Some individuals may not realize there are a number of
possible ways they can contribute to research other than
as a patient. For example, people may serve as healthy
subjects or simply take a survey online.

e Potential participants may not realize they can volunteer
directly to be participants in clinical research.

e Disease stigma may affect recruitment in those studies
that are focused on infectious diseases or mental
health conditions.

e Many people do not fully understand what a research
study is or how one is carried out. Others may not trust
a study’s designers or how the study will be conducted.
Potential participants may not be convinced of the
confidentiality of individual patient data.

e Surveys have shown that most American adults have
difficulty using everyday health information to make good
health decisions. Information about a trial may be too
technical to be easily understood, and forms, such as
consent documents, may be too complicated for some
individuals to understand and fill out.

¢ Individuals may face any number of logistical challenges,
such as transportation, child care, or time constraints
from shift work.

To address these issues, NIH IC communicators, under the
direction of the NIH OCPL, are working to raise awareness
among the general public and the medical community of

(1) the importance of NIH-supported clinical research to public
health; (2) the pressing need for clinical trial participants; and
(3) the benefits of clinical trial participation for public health.

NIH Clinical Research Trials and You

In 2011, NIH launched the cornerstone of a new
crosscutting program, a Web-based educational site called
NIH Clinical Research Trials and You,'* developed to help
people learn more about clinical trials, why they matter, and
how to participate. Resources developed for this campaign
are designed to be useful to physicians both at NIH and

at NIH-supported sites. The NIH Clinical Research Trials
and You resource features information about participating
in clinical trials, as well as first-hand experiences from
actual clinical trial volunteers and explanations from

74 http://www.nih.gov/health-information/nih-clinical-research-trials-you.
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researchers. The website includes links for locating or
enrolling in programs; people can look for trials posted on
the ClinicalTrials.gov website, as well as in trial registries
maintained by NIH Institutes. Health care professionals
can read about evidence-based strategies for talking with
patients about trials, print audience-tested posters to help
promote trials in clinics and offices, and find other clinical
trial educational materials.

Collaborations and partnerships with communities and
stakeholders involved in or affected by NIH research
are valuable to all involved. The NIH Clinical Research
Trials and You website therefore seeks to promote
development of appropriate partnerships with NIH grantees
and other stakeholders to assist with a comprehensive
awareness-building initiative. To ensure that physicians
are aware of their key role in clinical trial recruitment,
NIH commmunications offices are working to increase
coordination with their external partners and between
each other, taking advantage of social media tools to
raise physician awareness about clinical research.

Highlighted Institute and Center
Communication Programs

Millions of Americans search online daily for answers

to health-related questions, and they look to NIH for
authoritative, reliable, research-based health information.
NIH communicators at the agency’s 27 ICs continue to build
on their evidence-based public education and awareness
campaigns directed at a variety of audiences.

A list of featured health awareness, prevention, and
treatment campaigns sponsored by NIH is on the NIH
website.'”® Many campaigns target specific audiences for
prevention and treatment efforts. Others are focused on a
specific behavioral health outcome such as early diagnosis;
decreased morbidity and mortality; family history, genetics,
and genomics; infectious disease control and the need

for vaccines; delivery of quality health care to people with
special needs; diet and nutrition; and improved and refined
health care practices. Several ICs, through campaigns,
sponsor clearinghouses for easy access to research-
based materials. A sampling of NIH campaigns and
clearinghouses follows.

75 http://www.nih.gov/icd/od/ocpl/resources/campaigns/.

Alcohol and Other Drugs

NIAAA sponsors outreach efforts designed to address
alcohol use across the lifespan. Examples include NIAAA's
Underage Drinking Research Initiative,'”® part of which was
a broad information campaign focused on preventing and
reducing underage and excessive drinking among youth,
and the Institute’s Rethinking Drinking initiative,'” which
features evidence-based information about risky drinking
patterns in U.S. adults, as well as support for cutting

back or quitting. Given the effectiveness of screening and
intervening for alcohol problems in health care settings,
NIAAA continues to provide evidence-based guidelines and
online training to assist health practitioners in conducting
alcohol screening and brief intervention with youth and
adults through its Alcohol Screening and Brief Intervention
for Youth: A Practitioner’s Guide and Clinician’s Guide:
Helping Patients Who Drink Too Much, respectively. NIAAA
also produces fact sheets and other resources for the
general public.

NIDA sponsors several cutting-edge awareness efforts

for different audiences, directed at costly nationwide
problems related to drug use and addiction. One core
audience for several of NIDA's campaigns is teens and the
adults who live with and care for them. For example, NIDA
recently updated its popular resources “Marijuana: Facts
for Teens” and “Marijuana: Facts Parents Need to Know,”
and the Institute continues to house a robust teen website
that features a blog for teens, drug facts for teens, and
initiatives to educate teens on the dangers of drug use and
addiction. NIDA also continues to hold its annual public
health observance, National Drug Facts Week (NDFW).
When NDFW began in 2010, NIDA organized 92 community
events across the country to engage teens with facts about
drug use and addiction. In 2013 —only four years after its
inception—there were more than 1,082 events held in all
50 states, in several U.S. territories, and in other countries.
Every January, NIDA scientists and science writers (including
the NIDA Director) participate in an annual Web chat—
National Drug Facts Chat Day —with about 10,000 teens

in schools from all 50 states. NIDA also promotes tools

and educational resources for health care professionals
through its NIDAMED initiative, designed to help clinicians

76 http://www.niaaa.nih.gov/research/major-initiatives/underage-drinking-
research-initiative.
77 http://rethinkingdrinking.niaaa.nih.gov/.
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identify patients with substance abuse problems, prevent
their escalation to addiction, and refer patients to treatment
as necessary. Through this initiative, NIDA developed
continuing medical education courses on managing patients
who use opioid pain relievers, with nearly 100,000 clinicians
taking the courses for credit since its launch in late 2012.

Aging

NIA developed a national campaign, Go4Life, to encourage
adults 50 and older to make exercise and physical activity a
regular part of their everyday lives. The interactive Go4Life
website features specific exercises, success stories,
motivational tips, and nutrition information. Free materials
include print publications, an exercise DVD, and online tip
sheets.'”® In addition, the NIHSeniorHealth.gov website uses
research on how older adults learn and navigate the Internet
to bring them health information from NIH. Developed by
NIA and NLM, NIHSeniorHealth.gov makes aging-related
health information easily accessible for family members and
friends seeking reliable, easy-to-understand online health
information. The site’s design and content were guided by
NIA's research on the types of cognitive changes that are a
part of the normal aging process.

Alzheimer’s Disease

With the aging of the population, there is increasing interest
in age-related cognitive decline, specifically in Alzheimer’s
disease. NIA's Alzheimer’s Disease Education and Referral
Center (ADEAR) website'® and consumer print publications
disseminated through ADEAR are the primary federal
government evidence-based resource for information
about cognitive decline, interventions, research, medical
resources, and many aspects of care.

Cancer

NCI sponsors a number of educational and awareness
efforts designed to address cancer prevention through
adoption of a healthy lifestyle and diet. Through its
campaigns and clearinghouses, NCI also offers cancer
clinical trial resources, training programs focused on
palliative and end-of-life care, and other activities and tools.
Over the past decade, NCI has continued to expand its
Smokefree campaign'® to include Web- and mobile-based

178 https://god4life.nia.nih.gov/.
79 http://www.nia.nih.gov/alzheimers.

180 http://smokefree.gov/.

interventions to provide smokers who want to quit with
access to evidence-based smoking cessation information
and on-demand support. These resources include

4 websites, 6 smartphone applications, 13 social media
channels, and multiple text messaging programs. Each year,
millions of smokers interact with Smokefree.gov resources,
with hundreds of thousands using these resources to
successfully quit smoking. NCI also contributed Surviving
Cancer, a section on the NIHSeniorHealth.gov website
devoted to providing resources and information to older
adult cancer survivors and their families. 8

NCI also supports the National Outreach Network,®? a
multidisciplinary program that bridges NCI-supported
outreach and community education efforts with cancer
health disparities research and training programs. Working
through community health educators, the National Outreach
Network disseminates cancer information and approaches
tailored to racial/ethnic communities for cancer prevention
and control as well as works to enhance recruitment and
retention in cancer research.

Celiac Disease

NIDDK sponsors a Celiac Disease Awareness Campaign'®
that provides current, comprehensive, science-based
information about the symptoms, diagnosis, and treatment
of celiac disease, also known as celiac sprue, nontropical
sprue, and gluten-sensitive enteropathy.

Children’s Health

NICHD sponsors a number of programmatic efforts to
improve children’s health. For parents, family members,
health care providers, and caregivers, NICHD leads the
Safe to Sleep® campaign (formerly called the Back to
Sleep campaign), which aims to reduce the risk of sudden
infant death syndrome (SIDS) and other sleep-related
causes of infant death. The campaign offers information
kits, professional education materials, and other resources
for parents and caregivers and health care providers.

The campaign also works with communities to spread
messages about ways to reduce SIDS and other
sleep-related causes of infant death in states and

81 http://nihseniorhealth.gov/.
182 http://crchd.cancer.gov/inp/non-overview.html.
183 http://www.celiac.nih.gov/.
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Figure 2-9. With the goal of educating parents, family
members, health care providers, and caregivers, the NICHD
Safe to Sleep® campaign aims to reduce the risk of sudden
infant death syndrome. Credit: Safe to Sleep® Campaign.

counties with high rates of infant mortality and SIDS. These
community-based efforts include more than 1,050 Safe to
Sleep® Champions nationwide who are trained to help share
safe infant-sleep messages with the media.

Through its Media-Smart Youth program,'® NICHD is
building media skills among young people to help them
make more informed decisions about nutrition and physical
activity. This evidence-based 10-lesson curriculum teaches
tweens and teens how to think critically about media
images and messages so they can make better decisions
about the foods they eat and the activities they do. It also

184 https://www.nichd.nih.gov/msy/Pages/index.aspx.

encourages participants to reduce sedentary “screen time,”
a known contributor to obesity and other health problems.
The program is exploring a “teen leader” mechanism to
encourage teens, under supervision of an adult and under
the guidance of a local health organization, to conduct the
program with middle school students as a way to improve
children’s health in communities.

Chronic Obstructive Pulmonary Disease

Chronic obstructive pulmonary disease (COPD) is the third
leading cause of death in the U.S. and is estimated to

affect 24 million people across the nation, with as many

as half undiagnosed. To address this serious lung disease,
NIH developed the COPD Learn More Breathe Better®
education initiative.'® The program is designed to help at-
risk men and women older than 45 recognize the signs and
symptoms of COPD and encourages them to talk with their
health care providers about testing and treatment options.
The program also educates health care providers about

the prevalence of COPD, which patients are at risk for the
disease, early detection methods, and treatment options.
Through a network of more than 80 national and local
partners conducting COPD outreach in all 50 states and the
District of Columbia, the program sponsors community-level
outreach and events, media outreach efforts, social media
strategies, and development of robust partnerships.

Diabetes

In collaboration with more than 200 public and private
partners, NIDDK and CDC co-lead the National Diabetes
Education Program (NDEP),®® which disseminates
evidence-based educational materials on diabetes. For
example, the NDEP encourages people to take “small
steps” to prevent type 2 diabetes. The NDEP also promotes
the importance of comprehensive diabetes control in its
Control Your Diabetes. For Life. educational campaign.'®”
Campaign materials are tailored for minority groups at

high risk of developing type 2 diabetes. NIDDK’s National
Diabetes Information Clearinghouse also provides key health
information for patients, health care professionals, and the
general public.

185 http://www.nhlbi.nih.gov/health/educational/copd/Imbb-campaign/.

186 http://ndep.nih.gov/.

187 https://www.niddk.nih.gov/health-information/health-communication-
programs/ndep/partnership-community-outreach/campaigns/small-steps-big-

rewards/Pages/smallstepsbigrewards.aspx.
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Environmental Health

The NIEHS-led Partnerships for Environmental Public Health
(PEPH) program'® focuses on conducting and translating
research into action to address the effects of environmental
exposures and health risks of concern to the public and
particularly affected communities. PEPH is a network

that brings together scientists, community members,
educators, health care providers, public health officials, and
policy-makers in the shared goal of advancing the impact of
environmental public health research at the local, regional,
and national levels.

Eye Health and Vision

The NEI National Eye Health Education Program'® (NEHEP)
aims to increase awareness of science-based information
to prevent and treat diabetic eye disease, glaucoma, low
vision, and age-related eye diseases and conditions. A
series of educational materials, websites, and social media
resources (all available in English and Spanish) are available
to the public and targeted to at-risk populations. NEHEP
also develops teaching tools and webinars for health
professionals and community health workers. Additionally,
NEl's Healthy Vision Program'®® provides the public with
general eye health information and promotes the importance
of comprehensive dilated eye examinations and eye safety.

Hearing

In October 2008, NIDCD launched /t’s a Noisy Planet.
Protect Their Hearing.'®' The Noisy Planet campaign

is designed to increase awareness among parents of
children 8 to 12 years old (“tweens”) about the causes
and prevention of noise-induced hearing loss. With this
information, parents and other educators and health
professionals can encourage children to adopt healthy
habits that will help them protect their hearing for life. In
2013, NIDCD completed an evaluation of the Noisy Planet
campaign. The evaluation showed that the campaign’s
message and materials are useful and effective and
reach the campaign’s target audiences. The evaluation
also highlighted the need for more promotional tools to
encourage healthy hearing behaviors and efforts to reach
a broader segment of the U.S. population.

188 http://www.niehs.nih.gov/research/supported/translational/peph/.
189 http://www.nei.nih.gov/NEHEP.

190 https://www.nei.nih.gov/healthyeyes/.

91 http://www.noisyplanet.nidcd.nih.gov/Pages/Default.aspx.

Health Disparities and Minority Health

The NIAMS National Multicultural Qutreach Initiative'®?
aims to help address disparities in the availability and
access to research-based and culturally relevant health
information among various multicultural groups. Through
the development and distribution of culturally targeted
health planners and health information in multiple languages
(Spanish, Chinese, Vietnamese, Korean), people from
multicultural backgrounds who have diseases and
conditions of the bones, joints, muscles, and skin can
learn about available resources from NIAMS, NIH, and
other federal agencies that can help people cope with their
chronic disease or condition to improve their quality of life.

NIAMS also leads the Trans-NIH American Indian and
Alaska Native Health Communications and Information
Work Group, which coordinates efforts to develop and
disseminate health information targeting those respective
communities. It partners with the Indian Health Service to
disseminate NIH information kits to approximately

1,600 American Indian and Alaska Native community
health representatives. Since the inception of the project in
January 2008, NIH has sent more than 13,000 information
kits to community health representatives on topics such
as arthritis, bone health, cancer, diabetes, drug abuse
prevention, mental health, and heart health.

NLM develops culturally appropriate websites that focus
on information to address health disparities among special
populations. The American Indian Health Web Portal'®® is
dedicated to issues affecting the health and well-being of
all North American Indians and includes current research
information and traditional healing resources. The Arctic
Health website,* in collaboration with the Alaska Medical
Library at the University of Alaska, Anchorage, brings
together reliable information on diverse aspects of the Arctic
environment and the health of northern peoples. The Asian
American Health website'®® addresses the needs of the
diverse communities of Asian Americans in the U.S.

The NLM Exhibition Program presents exhibitions on
current and historical topics in medicine. The Native Voices:
Native Peoples’ Concepts of Health and lliness exhibition,

192 http://www.niams.nih.gov/multicultural/.
193 http://americanindianhealth.nim.nih.gov.
194 http://arctichealth.nlm.nih.gov/.

195 http://asianamericanhealth.nim.nih.gov/.

FYs 2012 & 2013 67


http://www.niehs.nih.gov/research/supported/translational/peph/
http://www.nei.nih.gov/NEHEP
https://www.nei.nih.gov/healthyeyes/
http://www.noisyplanet.nidcd.nih.gov/Pages/Default.aspx
http://www.niams.nih.gov/multicultural/
http://americanindianhealth.nlm.nih.gov
http://arctichealth.nlm.nih.gov/
http://asianamericanhealth.nlm.nih.gov/

68 Chapter 2: Overview of NIH Research | Information at the Service of Health

|
ANDi
Pplanet_

" Sy

Figure 2-10. NIDCD Noisy Planet team member Phalla Keng demonstrates how loud noise can damage hair cells. Credit: NIDCD.

which examines concepts of health and medicine among
contemporary American Indians, Alaska Natives, and
Native Hawaiians, opened at NLM in FY 2012."% This
exhibition, developed in consultation with native leaders in
Alaska, Hawaii, and the contiguous U.S., honors the native
tradition of oral history and includes a unique collection of
information. The exhibition explores the interconnectedness
of wellness, illness, and cultural life through interviews with
native people, artwork, cultural objects, interactive media,
and a healing totem created for the exhibition. An iPad

196 http://www.nlm.nih.gov/nativevoices/.

app also allows remote exploration of the content of the
exhibition, including hearing the voices of the individuals
who were interviewed.

Heart Health

To make women more aware of the danger of heart
disease, NHLBI partners with many national and community
organizations to sponsor a national campaign called The
Heart Truth®.'®” The program’s goal is to raise awareness

197 http://www.nhlbi.nih.gov/health/educational/hearttruth/.
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about heart disease and its risk factors among women and
educate and motivate them to take action to prevent the
disease and control its risk factors. Consistent with its goal,
The Heart Truth® has contributed to an increased awareness
among women that heart disease is their leading cause of
death; a 2012 AHA survey showed that such awareness
nearly doubled over the past 12 years, from 30 percent to
56 percent.

HIV/AIDS

OAR supports working groups of clinical experts who
develop federal guidelines for the use of antiretroviral
treatment for the management of HIV in adults, adolescents,
and children and for the prevention of perinatal transmission,
as well as guidelines for the treatment and prevention of HIV
complications and opportunistic infections. These guidelines
are updated regularly and disseminated widely to health
care providers and patients through the AIDSinfo website. %
The website also includes information on clinical trials for
HIV treatment and prevention; information on approved
drugs for HIV infection; and HIV-related information for
health care providers and patients, which also can be
accessed by phone, online, or mobile application. The
website is managed by NLM with support from OAR

and NIAID.

Kidney Disease

NIDDK also fosters education and outreach campaigns to
spread the evidence-based information about how people
can prevent kidney disease and preserve kidney function.
For example, NIDDK’s National Kidney Disease Education
Program® raises awareness about the problem of kidney
disease and steps such as control of diabetes or high
blood pressure that should be taken to treat chronic kidney
disease and prevent kidney failure. It represents a major
educational outreach effort to patients, physicians, and the
public and includes materials tailored to minority groups at
high risk.

Mental Health Outreach

The Outreach Partnership Program is a nationwide initiative
of NIMH’s Office of Constituency Relations and Public
Liaison. The Program works to increase the public’s
access to science-based mental health information through

198 http://www.aidsinfo.nih.gov/.
199 http://nkdep.nih.gov/.

partnerships with national and state organizations. The
Program encourages efforts to reach diverse racial and
ethnic groups. The Program also strives to enhance
opportunities for the public to benefit from participation

in research. These partnerships provide NIMH with

the opportunity to engage community organizations in
dialogue to better understand the needs, questions, and
concerns of those intended to benefit from the research the
Institute supports.

Oral Health

An important part of the NIDCR mission is promoting the
timely transfer of knowledge gained through research

and its implications for health to the American public. An
Institute priority is outreach to fast-growing demographic
groups and underserved communities that have uneven
access to understandable information about oral health.
For Hispanics/Latinos, NIDCR has expanded its Spanish-
language oral health information offerings and continues to
update and maintain its Spanish-language website, which
consistently receives high customer satisfaction scores.2®
For the aging population, the Institute has created new
oral health content tailored for older adults. NIDCR has
partnered with NIA and NLM on oral health modules for
the NIHSeniorHealth website®®' and with HHS to create
oral health content for older adults for Healthfinder.gov.?*
Under the auspices of HHS, NIDCR is also a Text4baby
partner.2% Through Text4baby, pregnant women and new
moms receive free text messages about a range of health
topics, including oral health. Text4baby reaches a higher
proportion of women in underserved communities than in
the general population.

Stroke

NINDS continues to develop and manage the Institute’s
groundbreaking public education campaign Know Stroke:
Know the Signs. Act in Time.?** The campaign was
designed to help increase knowledge and awareness about
the early warning signs and symptoms of stroke and to
drive behavior change, especially in at-risk communities.

It includes outreach to consumers and health care

200 https://catalog.nidcr.nih.gov/OrderPublications/default.aspx#11.

201 https://nihseniorhealth.gov/periodontaldisease/
whatisgumperiodontaldisease/01.html.

202 http://healthfinder.gov/HealthTopics/Population/older-adults/health-conditions-
and-diseases/oral-health-for-older-adults-quick-tips.

203 https://www.text4baby.org/.

204 http://www.stroke.nih.gov.
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professionals using mass media, social media, grassroots Council of La Raza to develop and promote culturally
partnerships, and community education. The foundation for appropriate materials for Hispanic Spanish-speaking

this initiative is community engagement in “train the trainer” audiences including a video, flipchart, and educational
programs. These programs in major urban areas across toolkit.2% NINDS has partnered with AHA to coordinate

the U.S. use NINDS materials to educate local high-risk a national distribution of the Spanish language toolkits.
audiences, including African Americans, Hispanics, and In addition, NINDS partnered with CDC to develop and
people older than 50 and their family members, caregivers, distribute a brochure called What You Need to Know About
and health care providers. NINDS also has partnered Stroke, which was developed for African Americans.

with the General Federation of Women’s Clubs to create
a nationwide network of volunteers and with the National

205 http://stroke.nih.gov/espanal/.

Figure 2-11. Entrance to the Native Voices exhibition at NLM. Credit: J.S.A. Photography.


http://stroke.nih.gov/espanol/

Report of the Director, National Institutes of Health

FYs 2012 &2013 71

Complementary and Integrative
Health Practices

NCCAM provides objective, evidence-based information on
the safety and efficacy of complementary and integrative
health practices to scientists, health care providers, and the
general public through a variety of approaches, including
emerging technology and platforms (i.e., video, social
media, and mobile applications) and an information-rich
website.2% For example, NCCAM publishes the Clinical
Digest, a monthly e-newsletter that summarizes the state
of the science on complementary health practices and
clinical guidelines.2°” Additionally, NCCAM provides an
online resource that enables health care providers to make
informed recommendations.?%®

2068 http://nccih.nih.gov.
207 http://nccih.nih.gov/health/providers/digest.
208 http://nccih.nih.gov/health/providers/.

Harnessing Technology

In today’s world, technology advances at an unprecedented
pace. NIH is in step with this technological revolution in
multiple ways, from fostering new technological advances
for rapid data collection and sharing huge amounts of

data, to developing new technologies to better detect and
treat numerous diseases and disorders, to ensuring that
research results —from scientific publications to patient and
consumer health information—are readily available to all.

NIH supports technology development through several
complementary approaches, including:

e Research project grants with a sound basis in preliminary
data directed at development of a particular technology.
Some projects may take only a few years, while others
continue for a decade or more.

e Bioengineering research partnerships, which bring
together multiple disciplines in the physical and life
sciences such as engineering, cell biology, physics, and
neuroscience to develop solutions to specific biomedical
questions or diseases.

e Specialized centers that represent a critical mass of
expertise and technology in which multidisciplinary
development of complex, often unique technologies is
pursued, typically in the context of challenging research
problems that cannot be approached with existing tools.

e Small business grants through the Small Business
Innovation Research (SBIR) and Small Business
Technology Transfer (STTR) programs for highly
innovative projects to bring technological advances into
the marketplace for the broadest possible availability and
impact. These programs allow NIH to leverage the unique
resources and perspectives available in the private sector
to complement the work done at universities and the
NIH IRP.

e High-risk, innovative projects with little preliminary
indication of the likelihood of success, but that could
have a deeply significant impact if successful. Such
proof-of-principle projects usually have small budgets
and short timeframes.


http://nccih.nih.gov
http://nccih.nih.gov/health/providers/digest
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NIH support of technology development continues

to drive our understanding of health and disease. In
recent years, biotechnology and nanotechnology have
undergone extensive development and expansion.
Biotechnology combines disciplines such as genetics,
molecular biology, biochemistry, embryology, and cell
biology, which in turn are linked to disciplines such as
information technology, robotics, and bioengineering to
enable the development of new or enhanced tools and
devices to further basic scientific research, as well as
lead to improvements in human health. Nanotechnology
research takes advantage of the phenomenon that the
properties of some materials change significantly at very
small scales, often with surprisingly useful consequences.
NIH-supported nanotechnology research exploits this
phenomenon in efforts to develop devices with unique
features for diagnosing and treating disease. It is a highly
multidisciplinary field, drawing from disciplines such

as applied physics, materials science, supramolecular
chemistry, and mechanical and electrical engineering.

Many of the core challenges in research today require
technologies, databases, and other scientific resources
that are more sensitive, robust, and easily adaptable

to unique applications than what currently exists. New
technologies are needed, for example, to develop a more
detailed understanding of the vast networks of molecules
that make up cells and tissues, their interactions, and their
regulation; to develop a more precise knowledge of the
combined effects of environmental exposures, individual
susceptibility, and molecular events at the onset of disease;
and to capitalize on the completion of the human genome
sequence and recent discoveries in molecular and cell
biology. Moreover, widespread access to such tools will be
essential for moving these fields forward.

The development, deployment, and use of biomedical
information systems (i.e., disease registries and other
databases) are essential to managing large amounts of data
for research, clinical care, and public health—often referred
to as “big data.” Increasingly, these technologies serve not
only as repositories of information but also as research

tools in and of themselves, extending and, in some cases,
augmenting the laboratory. For example, scientists are able
to use molecular databases to study the profiles of individual
tumors and conceptualize small-molecule anticancer

agents to target them. However, new analytical tools are
needed to harness large datasets to address increasingly
complex questions, such as how the expression patterns
of multiple genes are associated with a particular trait or
response. Tools such as this are most effective when these
databases are interoperable and capable of communicating
with each other and making use of similar software
applications. NIH also is attuned keenly to the importance
and challenges associated with preserving, protecting, and
ensuring the validity and security of information stored in
biomedical databases.

Harnessing the power of the Internet creates unprecedented
access to health care information in patient files as well as
to raw research data from clinical trials. For health science
researchers, shared virtual libraries provide access to data
and images from hundreds of studies in various fields.
Devising the infrastructure to support a seamless end-

user environment requires the collaboration of a host of
professionals in computer science, medicine, information
science, records management, and other related fields.

NIH-supported efforts are affecting how health care
providers, patients, and researchers will use information
technology in the future. One such endeavor allows patients
to access their own health information. Complete access to
diagnostic results and treatment details will permit patients
to play an active role in their own health care decision-
making by asking more informed questions about their care.
Patients will be able to provide this information to any health
care provider regardless of their location. NIH supports
research to ensure that the data are secure during storage
and transmission and to address compliance with the
Health Insurance Portability and Accountability Act (HIPAA).
Benefits of this approach include a reduction in medical
errors and elimination of duplicative diagnostic procedures.

Next-generation health care will offer consumers
ultrasensitive technologies and techniques to assess

normal and diseased states of the body, coupled with

quick access to vast amounts of health-related data. New
modes of collecting patient information, such as the Patient-
Reported Outcomes Measurement Information System
(PROMIS),?*® may improve how patients provide information
on their conditions and how doctors use that information in

209 http://www.nihpromis.org.
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treatment decisions. An online computer-adaptive testing
system, PROMIS records patient reports of symptoms
related to a wide variety of chronic diseases and conditions
such as pain, fatigue, and emotional distress.

Because of the growing importance of information and its
management in biomedical science, clinical care, and public
health, virtually every NIH IC is engaged in the development,
deployment, and use of biomedical information systems
that support its mission. NIH databases and information
systems, particularly the more than 200 resources from
NLM, have become indispensable national and international
resources for biomedical research and public health. Several
trans-NIH activities, including the recently launched BD2K
initiative (more details below), feature the development of
significant biomedical information resources, including the
tools, infrastructure, and associated research needed to
make databases and registries more valuable.

NIH efforts to develop and deploy disease registries,
databases, and biomedical information systems to advance
biomedical science, health, and health care focus on:

e Scientific databases. These databases archive and
provide access to authoritative scientific literature,
essential research data (including disease-specific data),
and clinical research information.

e Genomic information systems. These information
resources support genetics research and include
storage of genetic data in registries, as well as analysis
of this data.

e Disease registries and surveillance systems. NIH works
with other federal and private entities to integrate disease
registries for national and local use.

Examples of NIH’s efforts in these three domains are
outlined in the sections below. Additionally, to comply with
Section 403 (a)(4)(C)(ii) of the Public Health Service Act

to provide catalogs of disease registries and other data
systems, Appendix G is included with an inventory of NIH
intramural and extramural activities ongoing in FY 2012
and FY 2013 to develop or maintain databases, disease
registries, and other information resources for the benefit of
the larger research community. In 2013, NIH also launched
a publicly accessible listing of NIH-supported data-sharing
repositories that collect biomedical research data and make
it accessible for reuse.?°

210 http://www.nlm.nih.gov/NIHbmic/nih_data_sharing repositories.html.

To make these and other data systems more useful to
researchers, clinicians, and the public, NIH invests in a
number of activities, including:

e Standardized vocabularies and data protocols. NIH
leads the government’s efforts to develop standardized
vocabularies and terminology to support interoperability
among biomedical information systems in research
and clinical settings. NLM is designated as the central
coordinating body for clinical terminology standards
within HHS.

e [arge-scale informatics infrastructure. NIH funds the
development of large-scale systems and tools that
allow communities of researchers to collect, share, and
analyze data needed for research, clinical care (including
electronic health records), and public health.

e Biomedical informatics research and training. NIH is the
largest federal funder of biomedical informatics research,
which aims to advance the applications of computing
to biomedicine for both research and clinical care. NLM
supports research in biomedical informatics and training
for informatics researchers and information specialists.

NIH Scientific Databases: Enhancing
Access to Research Information

Keeping pace with the expanding volume of biomedical
knowledge is a continuing challenge for scientists,
clinicians, policy-makers, and the public; thus, NIH devotes
considerable attention and resources to developing,
expanding, and maintaining tools and resources for
information management. Biomedical databases store and
provide access to a wide range of information, including
the results of scientific or clinical research studies, genomic
information, standard reference materials (such as genome
sequences or anatomical images), and published journal
articles and citations of medical literature. Biomedical
researchers, as well as a growing number of clinicians,
public health officials, and consumers, widely use these
databases. NIH often undertakes special initiatives to make
these resources more accessible to a broader, more diverse
set of users.

Among the most widely used of NIH’s databases are those
that collect and provide access to scientific literature. These
comprehensive resources, developed and maintained
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by NLM, are used extensively by scientists, health care
providers, and consumers who seek trusted, peer-reviewed
information on biomedical and health topics of interest.

NIH houses the leading source of authoritative biomedical
literature for professional and lay audiences. The exhaustive
PubMed/MEDLINE database comprises more than

24 million citations for biomedical literature from MEDLINE,
life science journals, and online books.

In addition, NIH continues to expand PubMed Central
(PMC),?'" its digital archive of full-text scientific journal
articles. PMC was established to provide online access to
a growing number of scientific journal articles deposited by
publishers and NIH-funded researchers, and it now provides
public access to more than 3.2 million research articles.
Some of this increase is attributable to an expanding
scope of users—not only biomedical researchers but

also clinicians, other practitioners, and consumers—that
highlights the importance of this type of resource. In
recognition of the fact that more people are accessing
PMC from mobile devices, in 2012, NIH launched a new
presentation format (called PubReader) that optimizes
reading of articles from such devices.

PMC serves as the repository for manuscripts submitted

in accordance with the NIH Public Access Policy, which
ensures that the public and the scientific community have
access to the published results of NIH-funded research by
requiring NIH-funded scientists to submit final peer-reviewed
journal manuscripts that arise from NIH funds to PMC. PMC
software also is used by funding agencies in other countries
to establish repositories for their funded research.

NIH also puts effort into developing and maintaining
information systems that collect data stemming from
biomedical research. These systems organize data and
make it accessible for subsequent research. The PubChem
database,?'® for example, houses the voluminous data

on molecular structures and functions that is submitted
from more than 280 organizations. It provides information
about the biological activity of small molecules, organized
as three linked databases along with a chemical structure
similarity search tool. As of the end of 2013, PubChem
contains data on more than 45 million distinct compounds
and results from more than 1 million bioassays. PubChem,

211 http://www.ncbi.nlm.nih.gov/pmc/.
212 https://pubchem.ncbi.nim.nih.gov/.

developed and maintained by NLM, is integrated with NLM’s
Entrez suite of biomedical information resources, which is a
collection of some 40 databases of molecular and genomic
data and biomedical literature. This integration enables
users to retrieve related data from multiple databases and
navigate among them with relative ease.

Recognizing that “a picture is worth a thousand words,”
toward the end of FY 2012 NLM launched Openi,?® a
system that enables the scientific community and the
general public to search for visual information (clinical
images, graphs, charts, diagrams and other illustrations)
across 700,000 articles and 2.3 million figures from the
open-access medical literature.

Individual ICs also support efforts to integrate the enormous
data streams for the benefit of catalyzing research in

certain diseases and disorders. For example, NIDCR
supports the national FaceBase Consortium,?'* which has

a goal of fostering a better understanding of the genetic
instructions controlling development of the middle region of
the human face by providing the research community with
comprehensive and integrated datasets that include genetic
and genomic data, gene expression pattern information,
and human facial imagery. FOAs for new FaceBase
individual science projects and the re-competition of the
FaceBase data integration and management hub were
released in FY 2013. To encourage the use of FaceBase
data and resources, NIDCR supports small grants that
focus on new approaches using existing FaceBase data and
novel methods to analyze and integrate data to advance
craniofacial research.?®

In addition, NIA, in collaboration with the Alzheimer’s
Association, has developed the International Alzheimer’s
Disease Research Portfolio (IADRP),2'® a new, publicly
available database to capture the full spectrum of current
Alzheimer’s disease research investments and resources,
both in the U.S. and abroad. The IADRP enables public
and private funders of Alzheimer’s research to coordinate
research planning, leverage resources, avoid duplication of
funding efforts, and identify new opportunities in promising
areas of growth. Along with NIA, more than 20 NIH ICs,

11 other federal agencies, and 6 nonfederal entities

213 http://openi.nim.nih.gov/.

214 https://www.facebase.org/.
215 http://grants.nih.gov/grants/guide/pa-files/PAR-13-178.html.

218 http://iadrp.nia.nih.gov/.
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contribute to the database. Fourteen international research
organizations —including ones from the U.K., Canada,
Australia, and Poland —also have joined the collaboration.

The Dietary Supplement Label Database (DSLD)?"" is a
joint project of ODS and NLM, developed in collaboration
with the U.S. Department of Agriculture (USDA), CDC,
FDA, and DoD. DSLD was launched in June 2013 as a
searchable database for the information on the labels of
dietary supplements in the U.S. marketplace. Users can
search the database to identify supplements by label
photograph, brand name, ingredients, and health-related
claims. Approximately 1,000 new labels are entered into
the DSLD each month, so eventually virtually all of the more
than 55,000 dietary supplements in the U.S. marketplace
will be included.

Genomic Information Systems:
Understanding the Genetic Basis of Disease

NIH has made great strides in developing information
resources to support genetics research. For example,
GenBank,?'® the NIH genetic sequence database, is

an annotated collection of all publically available DNA
sequences. It is designed to provide access for the scientific
community to the most up-to-date and comprehensive
DNA sequence information. Considerable effort also has
been aimed at supporting the analysis of data from GWAS,
which explore the connection between common variants

of specific genes (genotype information) and observable
diseases or conditions (phenotype information, such as
diabetes, high blood pressure, or obesity). NIH’s dbGaP,?'°
developed and operated by NLM, houses data from a
number of GWAS, including those funded by NIH. NIH’s
GWAS Policy??® encourages NIH grantees to submit their
GWAS data to dbGaP and establishes procedures for
making it available to other researchers to speed up disease
gene discovery while at the same time protecting the
privacy of research subjects in genomics studies.

In addition, several NIH ICs have established genetics
repositories to accelerate research and multidisciplinary
collaborations in specific disease areas. Programs such as

217 http://www.dsld.nlm.nih.gov/dsld/.

218 http://www.ncbi.nlm.nih.gov/genbank/.

219 http://www.ncbi.nim.nih.gov/gap.

220 On August 27, 2014, NIH issued the NIH Genomic Data Sharing Policy (GDS
Policy). The GDS Policy is an extension of and replaces the GWAS data sharing
policy. For more information, see http://gds.nih.gov/03policy2.html.

the NEI eyeGENE,??" the NIMH Repository and Genomics
Resource,??? the NIDA Center for Genetic Studies,??® the
NINDS Human Genetics Repository, the NIEHS Chemical
Effects in Biological Systems Knowledge Base, and the
NIA Genetics of Alzheimer’s Disease Data Storage Site®**
give researchers access to vast storehouses of genetic
and genomic data, DNA samples, and clinical data, along
with informatics tools designed to facilitate their analyses.
The wide availability of information linking genotype to
phenotype should help researchers better understand
gene-based diseases and speed development of
effective therapies.

Disease Registries and Surveillance
Systems: Tracking and Monitoring Disease

Disease registries and other surveillance systems collect
information about the occurrence of specific diseases, such
as cancer and Parkinson’s disease, the kinds of treatment
that patients receive, outcomes, and other information that
might be relevant to researchers or public health officials.
Increasingly, disease registries also include genomic

data from registered patients. Registry information can
therefore help identify causal factors of disease, assess
the effectiveness of various interventions, and identify
questions of concern to researchers, clinical professionals,
and policy-makers.

For example, NClI's Surveillance, Epidemiology, and End
Results (SEER) program??® collects and publishes cancer
incidence and survival data from population-based cancer
registries covering approximately 28 percent of the U.S.
population, making it an authoritative source of information
on cancer incidence and survival in the U.S. SEER has
proven a formidable research resource and has been

the foundation for innumerable studies, including recent
research tying oral cancer risk to HPV among those younger
than 45,226

Disease registries have been employed for research on
autoimmune disorders, including Sjogren’s syndrome, one
of the most prevalent. A lack of data and biospecimens

221 https://www.nei.nih.gov/eyegene.

222 hittps://www.nimhgenetics.org/.

22 http://www.drugabuse.gov/researchers/research-resources/genetics-research-
resources/nida-genetics-study-center-biorepository.

224 https://www.niagads.org/.

225 http://seer.cancer.gov/.
226 Gayar OH, et al. Otolaryngol Head Neck Surg. 2014;150(4):594-601. PMID:
24452304,
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available for research pose significant roadblocks to
advancing discoveries in Sjogren’s syndrome. Recognizing
the problem, NIH spearheaded an effort to establish patient
registries at two extramural institutions, as well as within

its own intramural program. These groups work together

to generate and share genome-wide genotyping data and
clinical information from the cohorts enrolled.

Registries also provide a valuable source of information

for tracking the effectiveness of particular treatments or
interventions. The Interagency Registry for Mechanically
Assisted Circulatory Support,??” for example, is a national
registry for patients who are receiving mechanical circulatory
support device therapy to treat advanced heart failure. NIH,
FDA, and the Centers for Medicare & Medicaid Services
(CMS) jointly support the registry. Use of standardized
terminologies helps ensure that the data collected will
facilitate improved patient evaluation and management
while aiding in better device development.

Standardized Vocabularies,
Data Protocols, and Tools

NIH continues to invest in tools that can increase the utility
of its scientific databases and medical information sources.
A key component of such efforts relates to the development
and maintenance of standards and vocabularies for use

in information systems used for research and clinical

care, including electronic health records.??® Standard
vocabularies and ontologies (models of the relationships
between concepts) improve information search, retrieval,
and exchange by endowing systems with the ability to
automatically perceive and retrieve information about related
terms. As expansion of scientific frontiers produces new
concepts, terms, and relationships, standard vocabularies
must be regularly revised so that articles and other data can
be properly indexed and search engines can find relevant
and related terms.

As the central coordinating organization for vocabulary
standards within HHS, NLM continues to update the
Unified Medical Language System (UMLS),??° which is
227 http://www.uab.edu/medicine/intermacs/.

228 http://www.nlm.nih.gov/healthit/meaningful_use.html.
229 http://www.nlm.nih.gov/research/umls/.

used heavily in advanced biomedical research and data
mining worldwide. The UMLS Metathesaurus,?° with

more than 11.6 million concept names from more than

150 source vocabularies, is a distribution mechanism for
standard code sets and vocabularies used in health data
systems. Many institutions apply UMLS resources in a wide
variety of applications including information retrieval, natural
language processing, creation of patient and research data,
and the development of enterprise-wide vocabulary services
for electronic health records.

NLM also produces and maintains a growing number

of convenient vocabulary subsets to help electronic

health record developers and users transition to use
vocabulary standards, including subsets of frequently
encountered patient problems, frequently ordered tests,
and medications currently available in the U.S. market. In
FY 2013, NLM released a new Value Set Authority Center?®!
in collaboration with the Office of the National Coordinator
for Health Information Technology, CMS, the HHS Office
of the Secretary, and others to provide authoritative
access to the standard vocabulary components of clinical
quality measures.

Various ICs also spearhead efforts to develop standard
vocabularies. For example, NIEHS has launched an initiative
to develop a framework for environmental health science
vocabulary to aid in data sharing, integration, and analysis.

Data harmonization efforts can similarly boost the impact
of individual research by promoting the use of common
measures across studies within and across particular
research fields. By using common measures, researchers
can more easily compare and combine datasets to detect
more subtle and complex associations among variables,
thereby promoting greater collaboration, efficiency, and
return on investment. For example, in 2006, NHGRI initiated
the PhenX Toolkit to provide standard measures related to
complex diseases, phenotypic traits, and environmental
exposures. Use of PhenX measures facilitates combining
data from a variety of studies and makes it easier for
investigators to expand a study design beyond the primary

230 http://www.nlm.nih.gov/pubs/factsheets/umismeta.html.
231 https://vsac.nim.nih.gov/.
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research focus. Another example, supported by NINDS,
is the Parkinson’s Disease Biomarkers Program Data
Management Resource,?®? which is designed to be used
broadly to facilitate clinical research on Parkinson’s disease
by using a set of standardized data elements that will
improve data quality, simplify data sharing, and promote
meta-analyses and cross-study comparisons. This data
management resource was the 2014 overall winner of
the Excellence.gov Awards for innovative government
information technology programs.2*® A number of other
NIH ICs have launched projects to encourage the use of
common data elements in funded research. In FY 2013,
NIH’s Biomedical Informatics Coordinating Committee
established a trans-NIH working group to improve
coordination, consistency, and communication of such
efforts across ICs. In 2013, the working group launched
a Common Data Element Resource Portal to provide
integrated access to information about NIH’s common
data elements.?3

Another example of the development of standardized tools
designed to provide common measures for comparison
across different diseases is PROMIS (mentioned earlier

in this section). Patient-centered outcomes (PCOs) such
as patient-reported outcomes are key to understanding
how diseases, conditions, and their treatments influence
patients’ symptoms, functioning, and quality of life.

Most PCO instruments have traditionally been used for
disease-specific assessments rather than to facilitate
within- or across-disease comparisons. The Common
Fund supported the development of PROMIS,?% which

is creating new paradigms for how clinical information is
collected, used, and reported. A rigorously tested patient-
reported outcome measurement tool, PROMIS uses recent
advances in information technology; psychometrics; and
qualitative, cognitive, and health survey research to measure
patient experiences that have a major impact on quality-
of-life across a variety of chronic diseases. PROMIS tools
measure what patients are able to do and how they feel

by asking questions, and the tools provide a highly reliable
and precise measure of patient-reported health status for
physical, mental, and social well-being. PROMIS is unique
in that measures have been standardized to cover different

232 https://pdbp.ninds.nih.gov/.
233 https://www.actiac.org/2014-excellencegov-award-winners-finalists.
2% http://cde.nih.gov.

conditions, which allows comparison across diseases.
Although originally designed as a research tool, PROMIS is
receiving considerable support from health care providers
who are interested in using it in their practices.

NIH supports a cloud-based library of tools for analyzing
brain images and related data. The Neuroimaging Tools
and Resources Clearinghouse (NITRC)?* offers researchers
cloud-based computing, which brings expanded research
capabilities to both large- and small-scale researchers
while reducing the costs of working with increasingly larger
datasets. NITRC is a one-stop shop for software tools,
data, and other resources for functional and structural
neuroimaging analysis. Data available on NITRC includes
brain images from MRI, PET, magnetoencephalography
(MEG), and other types of brain scans. The 3D Brain Atlas
Reconstructor, a software package for reconstructing 3-D
models of brain structures, is one of the many software
tools available from the library.

NCI supports The Cancer Imaging Archive,?% which
provides curated, de-identified, purpose-built collections

of cancer patient medical images that are used by
bioinformaticians to develop and apply radiomics tools for
computer-aided interpretation of a variety of cancers. These
collections have been used to mount “challenge contests”
where individual researchers attack a specific problem in
imaging (for example, rapidly and automatically determining
the volume of a tumor), and the solutions are compared to
determine the best approach.

The NCI Center for Biomedical Informatics and Information
Technology (CBIIT)?” provides IT infrastructure and
informatics services in support of intramural research,
grants management, and program administration. CBIIT
also delivers resources to the cancer informatics community,
including open-source software, collaboration tools, data
collections, standardized vocabularies, metadata resources,
and infrastructure. CBIIT administers the National Cancer
Informatics Program (NCIP).2%8 Launched in 2012, NCIP
promotes the principles of open source, open data, and
open science and cultivates collaborations within and
beyond NCI to advance research across the continuum

2% http://www.nitrc.org/include/about _us.php.
2% http://imaging.cancer.gov/informatics/thecancerimagingarchive.

237 https://chiit.nci.nih.gov/.
238 https://chiit.nci.nih.gov/ncip.
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from basic discovery to clinical application. To facilitate
collaboration among cancer researchers, CBIIT has
established the NCIP Hub,?*® which allows groups to share
a variety of resources including data, tools, publications,
and training materials, as well as extended discussions of
topics related to cancer informatics.

Large-Scale Informatics Infrastructure

In this age of big data, NIH also has embarked on a number
of large-scale initiatives to develop and deploy infrastructure
and tools for storing, sharing, integrating, and analyzing

the large volumes of data routinely generated in research
laboratories and in clinical settings. These initiatives tend

to produce not only storehouses for data generated by
research but also larger-scale networks for sharing data,
linking researchers, and conducting further research. NIH
supports a number of clinical research networks, which
allows for standardized data reporting and sharing of
information across clinical studies.

Launched in 2012, the NIH BD2K initiative®*® is the focal
point for NIH’s big data effort, and the initiative has the goal
of enabling biomedical scientists to capitalize more fully on
the big data being generated by research communities.
With advances in technologies, these investigators are
increasingly generating and using large, complex, and
diverse datasets. Consequently, the biomedical research
enterprise is increasingly becoming data intensive and

data driven. However, the ability of researchers to locate,
analyze, and use big data (and more generally all biomedical
and behavioral data) is often limited for reasons related

to access to relevant software and tools, expertise, and
other factors. BD2K aims to develop the new approaches,
standards, methods, tools, software, and competencies
that will enhance the use of biomedical data by supporting
research, implementation, and training in data science and
other relevant fields. In July 2013, NIH announced that it will
fund up to $24 million per year for four years to establish six
to eight investigator-initiated Big Data to Knowledge Centers
of Excellence.?*!

To address challenges posed by the enormous volumes
of data routinely generated by high-throughput research
technologies, the NCI CBIIT is working in close collaboration

239 https://nciphub.org/.

240 https://datascience.nih.gov/bd2k.
24 http://www.nih.gov/news/health/jul2013/nih-22.htm.

with the Center for Cancer Genomics to launch a set of
Cancer Genomics Cloud Pilots?*? where, initially, data from
TCGA and analysis tools will be co-located with computing
resources, with access democratized across the widest
possible audience to accelerate cancer research.

To support and accelerate research in the prevention,
cause, diagnosis, and treatment of research on autism
spectrum disorders (ASDs), NIH created the National
Database for Autism Research (NDAR).?*% This database
collects a wide range of data types, including phenotypic,
clinical, and genomic, as well as de-identified medical
images—all derived from individuals who participate

in ASD research, regardless of the source of funding.
NDAR provides the infrastructure to store, search across,
retrieve, and analyze these varied types of data. At NIH,
approximately 80 percent of all ongoing ASD grants
involving human participants have data sharing with NDAR
as a condition of their awards; by 2015, virtually all such NIH
ASD research is expected to include these terms. NDAR
also coordinates data access with other federal databases,
such as the NIH Pediatric MRI Data Repository,?* as

well as several private databases, such as the Autism
Genetics Resource Exchange. NDAR provides an example
of how NIH is poised to take full advantage of the big

data revolution through efforts to promote common data
elements in neuroscience research and broad data sharing.

Another ambitious informatics effort, the Human
Connectome Project, is using new, high-resolution imaging
methods to provide the first detailed “wiring diagram” of

the living human brain.?** In one of the first reports from

this project, scientists discovered a surprisingly simple 3-D
organization of fiber tracts in the human brain.?*¢ A five-year
project that began in 2010, the Human Connectome Project
has posted extensive imaging results and cognitive data on
a reference cohort of 68 healthy volunteers on its way to a
database of 1,200 participants, including 300 pairs of twins.

242 https://chiit.nci.nih.gov/ncip/nci-cancer-genomics-cloud-pilots.
243 http://ndar.nih.gov.
24 http://pediatricmri.nih.gov/nihpd/info/index.html.

24 https://neuroscienceblueprint.nih.gov/connectome/.
246 \Wedeen VJ, et al. Science 2012;335(6076):1628-34. PMID: 22461612.
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Other efforts aim to provide the informatics infrastructure
include the CardioVascular Research Grid,?*” which provides
infrastructure for sharing cardiovascular data and data
analysis tools. Another example is the National Centers
for Biomedical Computing.?*¢ A Common Fund initiative,
these Centers are intended to be part of the national
infrastructure in biomedical informatics and computational
biology, creating innovative software programs and other
tools that enable the biomedical community to integrate,
analyze, model, simulate, and share data on human health
and disease.

Biomedical Informatics
Research and Training

Ensuring continued advances in biomedical informatics
resources requires active support of fundamental research
that seeds the further development of new tools, resources,
and approaches. It is also critical to generate a continuous
supply of skilled biomedical informatics researchers,
information specialists (such as medical librarians), and

life sciences researchers trained in bicinformatics. NIH
continues to expand its efforts in bioinformatics research
and training in response to the growing importance of
informatics in the biomedical and life sciences. NIH also

is the principal source of support for research training in
biomedical informatics, with NLM providing research
training grants to 14 institutions that enroll approximately
200 predoctoral and postdoctoral trainees each year.

Mobile Health and Point-of-
Care Technologies

Ideally, patients would have access to high-quality and
consistent health care regardless of where they live.
Realizing this vision necessitates the development of
portable, reliable, and inexpensive equipment to diagnose
and treat patients. To achieve this also will require the
leveraging of technologies developed in other fields, such
as telecommunications. Advances in fiber-optic and wireless
communications devices allow physicians to engage in
telemedicine (the transmission via the Internet of medical
information) to deliver health care by communicating with
other physicians or pathologists thousands of miles away.

247 http://cvrgrid.org/.
248 http://www.ncibi.org/gateway/ncbes.html.

NIBIB currently funds the Point-of-Care Technologies
Research Network (POCTRN),?* a network of three centers
that are establishing new point-of-care technologies at
various stages of development. The Center for Future
Technologies in Cancer Care focuses on the identification,
prototyping, and early clinical assessment of innovative
point-of-care technologies for the treatment, screening,
diagnosis, and monitoring of cancers. The Center for
Point-of-Care Tests for Sexually Transmitted Diseases
creates and tests unique methods for the diagnosis of
sexually transmitted diseases, including the home delivery
of over-the-counter tests to end users via the Internet. The
POCTRN Center in Primary Care serves as a national leader
in transforming point-of-care technologies into commercially
viable, clinically focused solutions for improving primary
health care. The network emphasizes collaboration between
front-line health care workers and technology developers so
appropriate tools are created to meet clinical needs.

The demands of primary care providers are becoming
increasingly complex as the population ages and the
burden of chronic disease grows. Emerging microfluidic,
nanotechnology, and sensor miniaturization technologies
are making it possible to develop a new generation of
point-of-care test systems designed to improve the
efficiencies of primary care practices. This focus aims to
shift clinical laboratory testing to the primary care office,
home, and bedside. Currently, most tests need to be

sent to a laboratory, and results may not be available for
several days. This time lag poses a burden on providers
and patients and delays treatment. Point-of-care diagnostic
technologies that are in various stages of development
include a home screening test for sexually transmitted
diseases, a pre-screening tool for colorectal cancer,
detection of lung cancer biomarkers, and identifying ear
infections. Also, a NIBIB grantee developed a microfluidic
device designed to diagnose tuberculosis (TB), which was
recently tested with patients known to have TB and with
healthy patients. The device accurately identified all those
with TB.?%° Tests currently used can take weeks for results
and may fail to diagnose up to 40 percent of those with
the infection.

249 http://www.nibib.nih.gov/research/featured-programs/point-care-technologies-
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research-network.
250 http://www.nibib.nih.gov/news-events/newsroom/portable-device-provides-
rapid-accurate-diagnosis-tuberculosis-other-bacterial.
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Figure 2-12. Fogarty International Center has launched a new program to advance mHealth research. Credit: David Snyder,

courtesy of FIC.

Point-of-care devices allow diagnosis, monitoring, and
treatment to be more efficient and practical for patients

and physicians, in part due to technological advances that
have vastly broadened their application. NIBIB supports
development of these technologies that are noninvasive

or minimally invasive, such as a handheld device that uses
lasers and sound waves to detect the depth of skin cancer.
Accurately measuring how deep a melanoma tumor extends
into the skin can help in the diagnosis and treatment of this
type of cancer, which is increasingly common. The device
uses photoacoustic microscopy to measure tumors beneath
the skin, which in some cases may eliminate the need

for biopsy.

Likewise, methods that take hours and require precise
conditions for processing tissue samples limit when and
where tests can be conducted. By taking advantage of
digital or single-molecule quantitative assays, researchers
have found a way to use a “lab on a chip” device and a
cellphone to calculate a precise concentration of molecules
from a sample.?®" With the “SlipChip” device, no electricity
is needed, a huge advantage over the current polymerase
chain reaction (PCR) methods. The new method also works
in environments where temperature, light, and humidity
cannot be controlled. This method splits a sample into

*1 Shen F, et al. J Am Chem Soc. 2011;133(44):17705-12. PMID: 21995644.
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amounts so small that they only contain one or no target
molecules and deposits the small amounts into wells on
the chip. A new process for amplification of the samples
produces a bright fluorescent signal if a target molecule
is present. This gives a positive (yes, molecule is present)
or negative (no, molecule is not present) result. The
concentration or qualitative result is calculated from the
number of wells in the “SlipChip” with a positive result.
NIBIB support for this type of research can lead to faster
and earlier diagnosis and better health outcomes.

The term mobile health (mHealth) refers to the use of mobile
devices in the service of health care or public health. NIH
has an interest in the development and use of mobile
technologies to rapidly collect, assess, and use health data
to improve the quality of care. FIC supports an mHealth
research program that encourages multidisciplinary teams
to develop, adapt, optimize, and evaluate mHealth tools or
interventions to prevent, diagnose, manage, and treat health
conditions primarily in low- and middle-income countries,
with the potential for use in low resource or underserved
settings in the U.S. In addition, research into technology that
does not require electricity offers a key advantage for point-
of-care technologies to be utilized in remote areas. A DNA
amplification device that does not require electricity or a
battery pack to detect HIV in the early stages of infection so
treatment and preventive measures can begin immediately
is under development.?®? This technology could be exploited
in other molecular diagnostic detection methods for bacteria
such as Salmonella enterica in agricultural settings.

NIDCR supports initiatives that couple discoveries in the
pathophysiology of human diseases with innovations

in engineering and electronics to develop point-of-care
medical diagnostic devices. For example, NIDCR supports
research to use saliva in a small, all-in-one device to rapidly
measure biomarkers associated with disease allowing

early detection, whether in a clinic or in remote resource-
poor settings. Already in progress is an NIDCR-supported
research project that yielded a miniaturized, portable
nanobiochip that uses nanoliter volumes of saliva to identify
biomarkers for a multitude of diagnostic purposes.?® During
the first phase of this project, researchers found promising
predictive markers for cardiac events; the validation of these

22 Singleton J, et al. Proc SPIE. 2013;8615:86150R. PMID: 25426269.
2% Miller CS, et al. Biomark Med. 2010;4:171-189. PMID: 20387312.

markers is ongoing. This is a first step toward developing
effective and personalized disease-management strategies.

These mobile technologies provide exceptional
opportunities to measure behaviors and environmental
influences objectively, precisely, and in real time and to
deliver automated and adaptive behavioral interventions.
Therefore, OBSSR sponsors a training institute on mHealth
that pairs behavioral and biomedical scientists with
engineering and computer scientists to leverage these
technologies to better measure and change behavior.

Visualizing Biological Systems

Better tools and techniques to understand activities within
cells, tissues, and organ systems enable researchers to
probe deeper to gain an understanding of the biological
systems and networks that control both normal function and
diseased states. For example, two NIH intramural research
groups are collaborating to develop a next-generation MRI
system to examine the human brain. The system uses a
7-tesla magnet to produce highly detailed images that reveal
structures not visible using conventional MRI.

Recent advances in imaging technology also present
opportunities to advance quantitative imaging and the

use of imaging biomarkers in clinical trials and clinical
practice. NIBIB has funded more than 20 projects within a
public-private consortium called the Quantitative Imaging
Biomarkers Alliance (QIBA),%* which aims to improve the
value and practicality of quantitative imaging biomarkers by
reducing variability across devices, patients, and time. QIBA
has selected several imaging biomarker candidates and
has made advances in establishing standards, methods,
and processes aimed at accelerating translation of these
biomarkers from bench to bedside by engaging researchers,
health care professionals, and industry. The NIA-supported
Alzheimer’s Disease Neuroimaging Initiative®>® also has been
successful in identifying imaging and fluid biomarkers for
the disease, which facilitated the first revision in 27 years of
the clinical diagnostic criteria for Alzheimer’s. The updated
criteria offer a new paradigm for Alzheimer’s, covering the
disease as it gradually progresses over many years, from

its earliest preclinical, pre-symptomatic phase through

254 https://www.rsna.org/QIBA/.
2% http://www.adni-info.org/.
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mild cognitive impairment to advanced dementia. The new
guidelines also address the use of imaging and biomarkers
to determine whether changes in the brain and body fluids
are due to the disease.

From single cells to entire organs, NIBIB supports
research that can better visualize and monitor changes

in order to understand, diagnose, and treat disease. For
example, a tool to track organ structure and function is
currently under development by one NIBIB grantee, who
is developing a method to follow kidney function that will
enable early screening of toxicity and malformations. The
grantee obtained high-resolution 4-D images of kidneys in
normal mice and measured structural/functional changes
in the kidney over a developmental period of 17 weeks.?%®
The enhanced data from this technique can be used to
study normal kidney development and function, as well
as diseases of the kidney that require early detection

and intervention.

NIBIB also supports efforts to reduce radiation dose in
imaging. Several approaches are underway, including
improving technologies that reduce imaging time or reduce
dosage levels in scans such as CT while maintaining
image quality.

In addition to new imaging technology, other innovative
visualization techniques also are helping us to understand
the brain at the most fundamental level. With funding from
NIMH and the NIH Director’s Transformative Research
Award Program, researchers have enabled us to study the
brain’s finer workings while preserving its 3-D structure and
the integrity of its circuitry and other biological machinery.
Called CLARITY (Clear Lipid-exchanged Anatomically Rigid
Imaging/immunostaining-compatible Tissue hYdrogel), this
technology replaces the fat that normally holds the brain’s
working components in place with a permeable hydrogel,
allowing researchers to make the brain’s normally opaque
and impenetrable tissue transparent and permeable.?®” In
addition to its use in animal research, this method can be
used in postmortem human brains—even tissue that has
been stored for years. Tools like CLARITY will shed light on
how the brain works in health and illness.

26 Xie L, et al. NMR Biomed. 2014;27(9):1094-102. PMID: 25066408.
%7 Chung K, et al. Nature. 2013;497(7449):332-7. PMID: 23575631.

Image-Guided Interventions

To detect disease in its earliest stages, and thereby
preempt it before symptoms appear, clinicians will need to
examine smaller, more localized areas of the body. Image-
guided interventions (IGls)—treatments or procedures

that precisely target areas within the body with the aid of
imaging techniques such as MR, CT, or ultrasound—enable
clinicians to look beneath the surface anatomy to visualize
underlying pathology. As a result, images can be used to
navigate the anatomy for biopsy and treatment of disease.
In addition to diagnosing at-risk individuals, IGI may offer

a safer, less-invasive, and often less-costly approach to
many surgical procedures. Compared with traditional open
surgery, minimally invasive procedures result in less tissue
trauma, less scarring, and faster postoperative recovery
time, which translates into shorter hospital stays and a more
rapid return to family and work.

NIH’s Center for Interventional Oncology?®® is leading the way
in developing and disseminating innovative cost-effective
alternatives to open surgery. Physicians can navigate through
the body using “medical GPS” —real-time imaging such as
MRI, CT, or ultrasound. This effort in collaboration with NCI
intramural investigators resulted in commercialization of the
technique (UroNav) in 2013, for improved diagnosis and
treatment of prostate cancer. Once at the desired location,
the physician can insert a needle into a tumor, deliver heat

to destroy it, and then deposit a drug to eliminate residual
cancer cells. The Center is also pioneering new image-guided
approaches to track personalized responses to new drug
therapies over time. These endeavors are contributing to the
future of personalized medicine.

In both extramural grants and the NCI Experimental
Therapeutics Program (NEXT),2%° NCl is supporting
molecularly targeted intra-operative imaging approaches to
clearly delineate the margins of tumors so that surgeons can
be confident of removing all of a tumor with as little normal
tissue as possible.

NIBIB also is developing ways to surgically remove all
the tumor tissue while sparing surrounding healthy tissue
such as nerves. Nerves and their branches that extend
through or near the parotid (salivary) and prostate glands

258 http://clinicalcenter.nih.gov/centerio/index.html.
29 http://next.cancer.gov/.
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can be particularly challenging for surgeons to separate
from tumors. One approach to overcome this challenge

is progressing into animal studies. It involves using
fluorescently labeled probes for imaging during surgery so
surgeons can see where the nerves begin and end and can
separate the tumor from critical nerve connections.?6% 261, 262
The technology also may be applicable to guiding the repair
of peripheral nerves damaged by trauma.

The challenge of separating tumor and healthy tissue is
particularly critical when removing brain gliomas because
damage to surrounding healthy tissue can have severe
consequences and a tumor may grow back if it is not
completely removed. NIH supports development of
image-guided systems to overcome these challenges
and improve the precision of these difficult surgeries. In
one approach, researchers use mass spectrometry to
identify metabolites that are present in brain tumors but

250 Gibbs SL, et al. PLoS One. 2013;8(9):e73493. PMID: 24039960.
261 Cotero VE, et al. Mol Imaging Biol. 2012;14(6):708-17. PMID: 22488576.
262 Bajaj A, et al. J Histochem Cytochem. 2013;61(1):19-30. PMID: 23092790.

not in healthy tissue. During surgery, samples are removed
and processed to measure the mass and charge of the
metabolites. This approach allows surgeons to more
precisely remove tumor tissue while sparing healthy tissue.26®

Historically, MRI real-time guidance for minimally invasive
procedures has been challenging because MRI scanners
are designed such that, once a person is in the MRI
scanner, the body part of interest is not easily accessible
to someone performing a procedure. In addition, any
equipment used in the procedure, such as surgical
instruments and interventional devices, would need

to be MRI compatible (i.e., non-magnetic). That being
said, real-time MRI could provide extremely valuable
information during certain minimally invasive procedures
that are not furnished by other imaging modalities. For
example, during catheter-based neuro-interventional
procedures to open vessels after a stroke, MRI assessment
of viable downstream brain tissue is critical information

23 Santagata S, et al. Proc Nat/ Acad Sci U S A. 2014;111(30):11121-6. PMID:
24982150.

Figure 2-13. CLARITY provided this 3-D view showing a thick slice of a mouse brain’'s memory hub, or hippocampus. It reveals
a few different types of cells: projecting neurons (green), connecting interneurons (red), and layers of support cells, or glia (blue).
Conventional 2-D methods require that brain tissue be thinly sliced, sacrificing the ability to analyze such intact components in
relation to each other. Credit: Kwanghun Chung, Ph.D., and Karl Deisseroth, M.D., Ph.D., Stanford University.
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because unblocking a vessel supplying dead brain tissue
is associated with an unacceptable risk of secondary
hemorrhage. A remotely steerable MRl compatible
catheter could be an important tool for interventional
neuroradiologists and is under development.

Adding the benefits of robotics to image-guided
interventions further expands the capabilities in this area.?%
Robatic tools can fit into tiny incisions and control tools
remotely, allowing for more precision and, importantly,

less fatigue for physicians performing these procedures.
With NIBIB support, an image-guided device under
development uses robotically controlled small needles that
can be inserted into the brain through the nose to remove
tumors. Investigators also are seeking to better understand
relationships between surgical expertise, teamwork, and
technology in robotic surgery to identify opportunities to
improve performance, reduce errors, and shorten the

learning curve for surgeons using this advanced technology.

Investments in Research Infrastructure

Advances in the development of new technology cannot
come without supporting the infrastructure that undergirds
the research endeavor. To that end, NIH supports a Shared
Instrumentation Grant?® and High-End Instrumentation
Program, which provides new generation technologies

to groups of NIH-supported extramural investigators for a
broad array of basic, translational, and clinical research.
These programs provide essential instruments that are too
expensive to be obtained through regular research grants.
NIH also continuously seeks to improve the current “state-
of-the-art” in different technology areas.

Large-Scale Collaborative Activities

NIH creates critical, often unique technology and methods
and applies them to a broad range of basic, translational,
and clinical research through the Biomedical Technology
Resources (BTRs), including Biomedical Technology
Research Centers (BTRCs)?® supported by NIBIB and
Biomedical Technology Research Resources (BTRRs)*”

264 http://www.nibib.nih.gov/sites/default/files/Image-Guided%20Robotic %20
Interventions%20Fact%20Sheet 0.pdf.

265 https://dpcpsi.nih.gov/orip/diic/shared instrumentation.

266 http://www.nibib.nih.gov/research/featured-programs/biomedical-technology-
resource-centers.

267 http://publications.nigms.nih.gov/btrrs/searchresults.asp.

supported by NIGMS. There are currently 64 BTRs
nationwide. These centers represent a critical mass of
technological and intellectual resources with a strong focus
on technology dissemination as well as service and training
of investigators from bench to bedside. As a result, the
BTRs annually enable research of more than

7,000 investigators that are funded by NIH and other
agencies. Cutting-edge technologies and new tools
developed by the BTRs that are available to research
communities include biomedical imaging, microscopy,

and spectrometry; computation, informatics, and modeling;
artificial tissues/organs; drug delivery; bioelectronics and
biomechanical devices; structural biology; proteomics; and
glycomics. The BTRs also serve as catalysts for integrating
the diverse efforts of NIH-supported researchers and
providing technological infrastructure, experimental and
computational resources, and necessary expertise.

One goal of BTRCs that support biomedical imaging
research is the development of MRI technologies for
increased signal sensitivity, higher image resolution,
decreased acquisition time, and high-performance
computer visualization and analysis software. Magnetic
resonance image protocols with reduced acquisition time,
developed by the Center for NMR Imaging and Localized
Spectroscopy, have facilitated human studies in the
Human Connectome Project. Recent developments in a
technique called Chemical Exchange Saturation Transfer
(CEST) MRI by the Center for Magnetic Resonance and
Optical Imaging allows the detection of disrupted heart
metabolism associated with damage of the heart, often

a sign of heart disease, and the detection of abnormal
brain metabolite and neurotransmitter associated with
neurodegenerative diseases. This technique could help
doctors identify signs of disease earlier via other methods.
A similar technique developed by the Resource for
Quantitative Functional MRI allows measurement of protein
in the brain that can be used as imaging biomarkers for
radiation necrosis after brain tumor irradiation. Also, the
Laboratory of Neuro Imaging Resource, which plays an
important role in the ADNI, develops and disseminates
computational tools for neuroimaging and brain mapping
to the research community.


https://www.nibib.nih.gov/sites/default/files/Image-Guided%20Robotic%20Interventions%20Fact%20Sheet_0.pdf
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Funded by NIGMS, the Biomedical Informatics Research
Network?88 is a virtual community of shared informatics
resources. The network makes digital research data freely
available for sharing and exchange among communities

of researchers. Its data integration tools allow searching
across distributed databases, and it provides tools for data
analysis, management, and collaborative research. The
resulting collaborative environment extends beyond the
boundaries of individual laboratories to enable collaborations
that cross geographic and disciplinary boundaries. Basic
and clinical investigators are able to share disparate data

as well as powerful new analytical tools and software

across animal models and among multiple sites. This major
initiative was developed to allow neuroimagers to share data
and tools, but the infrastructure is generic and therefore
applicable to other disciplines.

Bringing a Multitude of Scientific
Disciplines Together

NIH fosters and cultivates cooperative research between
health scientists and quantitative scientists so that
fundamental discoveries and tools can be developed,

268 http://www.birncommunity.org/.

even when their specific applications might not be obvious.
For example, the laser, which was originally developed in
physics laboratories studying energy and light, has been
adapted for microscopes that are critical to many research
areas as well as a variety of surgical tools, including systems
for laser eye surgery.

Partnerships among engineers, clinicians, scientists, and
industrial technologists provide a reservoir of information
for NIH investigators. One such partnership is creating
innovative technologies to assist combat veterans who
have suffered limb damage or loss and civilian amputees
and those with spinal cord injuries. A range of electronic
and robotic devices will help these individuals stand and
move. A new generation of hand and arm prostheses that
provide fine finger movement and a sense of touch are
especially promising.

NIH and NASA have a strong history of collaboration and
share many interests in the life and health sciences. In
2012 and 2013, NIH staff co-chaired a Fast-Track Action
Committee on the Utilization of the International Space

CrCEST contrast (%)

0

Figure 2-14. Changes in creatine levels detected using Chemical Exchange Saturation Transfer MRI are mapped onto anatomical
images of pig heart tissue. Panel B shows decreased creatine levels (blue) in an area that corresponds to tissue death, as indicated
by the arrow. Credit: Adapted by permission from Macmillan Publishers Ltd: Nature Medicine:20(2), A technique for in vivo mapping of
myocardial creatine kinase metabolism. Copyright 2014.
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Station (ISS) as a National Laboratory.?¢® The Life Sciences
Subcommittee of the National Science and Technology
Council established the committee to address a range of
issues and needs associated with developing a coordinated
federal research agenda for the ISS National Laboratory.
Representatives from USDA, the Department of Energy
(DoE), NSF, and the National Institute of Standards and
Technology also participated.

NIEHS is the designated lead for HHS to the U.S. Global
Change Research Program,?”® which coordinates climate
change efforts across 13 member agencies. NIEHS
co-sponsors, with the National Oceanic and Atmospheric
Administration and CDC, the program’s Interagency
Crosscutting Working Group on Climate Change and
Human Health. Collaborative efforts of this group include
a Metadata Access to Climate and Health Web portal that
links metadata (data about data) sets from the climate
science world with those from health agencies to facilitate
cross-cutting research and contributions to development
of the health chapter of the National Climate Assessment
that identifies current and future climate change impacts
in the U.S.

NIH, through the FIC-led Framework Programs for Global
Health Innovation,?”" brings together scientists from
different disciplines to develop innovative solutions for
complex health problems in disadvantaged populations.
This program fosters innovative, multidisciplinary solutions
by requiring participation from at least three universities,
departments, or entities of distinct disciplines, and
participants are encouraged to form and consult with a
consortium that can include external private, governmental,
or nongovernmental organizations that can provide
special expertise and experience. Recently, a partnership
composed of microbiologists, engineers, architects, and
public health researchers developed paper-based and
clay water filters intended to prevent diarrheal diseases

in children, HIV-positive adults, and others in a remote
area of South Africa. Another partnership of trainees and
scientists from engineering, architecture, and medicine
are developing new upper-air disinfection technologies

to prevent the spread of multiply and extremely resistant

269 http://www.whitehouse.gov/sites/default/files/microsites/ostp/NSTC/final_iss

report_2013.pdf.
270 http://www.globalchange.gov/.

27 http://www.fic.nih.gov/programs/pages/framework-innovations.aspx.

TB in crowded settings such as hospitals and shelters
in sub-Saharan Africa while considering the design of
buildings that will maximize the effectiveness of such
technological interventions.

Nanotechnology

A sheet of paper is about 100,000 nanometers thick. The
field of nanotechnology deals with matter approximately

1 to 100 nanometers in dimension. At these scales,

matter exhibits unusual biological, chemical, and physical
properties. By bringing together researchers from physics,
materials science, and engineering, NIH is developing a
powerful cadre of investigators who will use nanotechnology
to significantly change ways to diagnose and treat diseases.

Sharing information across disciplines is critical to
nanotechnology research. NCl’s Alliance for Nanotechnology
in Cancer brings together physical scientists and engineers
working at the nano scale with cancer biologists and

clinical oncologists to develop new devices and assays

that will enable more effective cancer therapies and

earlier diagnoses. The Alliance has built a community of
researchers who not only work on new technologies but
also actively share their knowledge with the larger medical
community to inform and educate others about new,
emerging opportunities of cancer nanotechnology. New
nanodevices that quickly and accurately assess proteins,
DNA, and RNA structures implicated in cancer; nanoparticle
imaging agents to clearly visualize cancer; and implantable
nanosystems to deliver drugs, monitor cancer progression,
and assess therapeutic response will reshape the toolkit
clinicians use to fight cancer.

NIEHS has established the Centers for Nanotechnology
Health Implications Research, a consortium of eight
academic institutions that are studying the potential
health effects associated with exposure to engineered
nanomaterials. The major focus of these centers is to
understand how engineered nanomaterials interact

at the molecular, cellular, organ, and animal levels to
predict toxicity and design benign nanomaterials. Much
of this funding in basic research has served to translate
physicochemical-biological understandings into new
nano-based interventions. In addition, the Common
Fund’s Regulatory Science program and FDA funded a
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project to develop a new method to predict the potential
harmful effects of nanoparticles intended for use in clinical
applications prior to their testing in humans.?2

Nanotechnology is opening doors into cell structures

in unprecedented ways. A team of NIBIB-supported
bioengineers has developed a DNA clamp that can detect
mutations at the DNA level with greater efficiency than
methods currently in use. This work could facilitate rapid
screening of those diseases that have a genetic basis,
such as cancer, and provide new tools for more advanced
nanotechnology. The clamp is a nanoswitch that binds to
a DNA target, after which the clamp closes and activates a
fluorescent signal to indicate the presence of a mutation.?”®

A 3-D—printed hydrogel device that holds nanoparticles
developed by nanoengineers has the ability to function
much like the liver to remove toxins from the blood.?*

The device is used outside the body like dialysis and

uses nanoparticles in a hydrogel matrix to trap the toxins,
turning red to indicate that toxins have been trapped in the
hydrogel. The technology developed to print the hydrogel
device is a new biofabrication technology developed with
NIBIB, NEI, and NINDS support.

Transforming Health Care

For more than 35 years, NIH has pioneered the
development of neural interfaces, which connect the
nervous system to internal or external devices. Neural
interfaces include neural prosthetics to restore or
supplement nervous system function lost through disease
or injury. Early NIH research led directly to the development
of cochlear implants for the hearing impaired, which are the
most widely used neuroprostheses. According to FDA, as of
December 2012, approximately 324,200 people worldwide
have received implants.?”® Retinal implants for the visually
impaired are in advanced development, and in February
2013, FDA approved the Argus Il Retinal Prosthesis System,
the first implanted device that allows patients with advanced
retinitis pigmentosa (RP) to regain ambulatory vision. RP is

72 Pham CT, et al. Nanomedicine. 2014;10(3):651-60. PMID: 24211337.
273 1dili A, et al. ACS Nano. 2013;7(12):10863-9. PMID: 24219761.

274 Gou M, et al. Nat Commun 2014;5:3774. PMID: 24805923.

275 http://www.nidcd.nih.gov/health/hearing/pages/coch.aspx.

a rare, untreatable degenerative eye disease that damages
the retina. The device was developed by a small company,
Second Sight, with support from NEI, DoE, and NSF.

Neural stimulators that provide therapy are another type of
neural interface. Deep brain stimulation through implanted
stimulators is now approved for treatment of essential
tremor, Parkinson’s disease, and dystonia and is in testing
for several other brain disorders. A recently developed
implanted device for people with epilepsy detects abnormal
electrical activity in the brain and stimulates the brain to
prevent seizures from fully developing.?® Another type

of neural interface, the Brain Computer Interface (BCl),
enables people to control a computer or other device by
signals recorded directly from their brain. For example, in an
NIH-funded clinical trial, a surgically implanted BCI device
enabled a paralyzed woman to control a robotic arm well
enough to reach for and sip from a drink on her own for
the first time in nearly 15 years.?”” Because the nervous
system influences the function of all organ systems, neural
interfaces that modulate nerve signals to the body’s organs
offer a potentially powerful way to treat many diseases,
including hypertension, heart disease, gastrointestinal
disorders, type 2 diabetes, and inflammatory disorders.

NIH is leading the way in the development of new
technologies to provide disease diagnosis and treatment
simultaneously. The concept of combining a therapeutic
with a diagnostic agent is rapidly evolving and goes beyond
traditional diagnostic tests that screen or confirm the
presence of a disease. With specialized molecular imaging
techniques and biomarkers, tailored and personalized
medicine approaches could predict risks of disease,
diagnose disease, and monitor therapeutic response,
leading to real-time, cost-effective treatment.

278 http://www.fda.gov/medicaldevices/productsandmedicalprocedures/
deviceapprovalsandclearances/recently-approveddevices/ucm376685.htm.

2" Hochberg LR, et al. Nature. 2012;16:485(7398):372-5. PMID: 22596161.
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Chapter 3: Research in Diseases,
Disorders, and Health Conditions

Cancer

Although significant progress has been made in reducing
the burden of cancer in the U.S., cancer remains a
leading cause of death. According to CDC, in 2010,
cancer maintained its long-standing place as the second
leading cause of death in the U.S., surpassed only by
heart disease.?’® In 2013, an estimated 580,350 people
died of some form of cancer and an estimated 1,660,290
individuals were newly diagnosed with cancer.2® Also

in 2013, according to studies by NCI,?° medical costs
associated with cancer totaled $134.2 billion and are
projected to reach at least $158 billion by 2020 (in

2010 dollars).?®" Although U.S. death rates for the most
common cancers and for all cancers combined have
decreased significantly since 1995, the annual number of
cancer diagnoses is projected to rise to 2.1 million by 2025
because of the growth and aging of the population.

Cancer research funded and conducted by NIH is critical to
the national and global effort to ameliorate and reduce the
adverse effects of cancer on the health and lives of cancer
patients, their families, and communities, as well as on the
social and economic well-being of institutions, societies, and
entire nations. Formidable challenges confront this effort.
Cancer is not a single disease, but is a group of more than
100 diseases in which genetic changes disrupt cell function.
Moreover, within each type of cancer, an individual’s tumor
can differ greatly due to complex biological factors. Cancer

278 Murphy SL, et al. Table B. Deaths and death rates for 2010, and age-adjusted
death rates and percent changes from 2009 to 2010, for the 15 leading causes
of death: United States, final 2009 and preliminary 2010. National Vital Statistics
Reports. 2012;60(4):31. Available at: http://www.cdc.gov/nchs/data/nvsr/nvsr60/
nvsre60_04.pdf.

279 Siegel R, et al. CA Cancer J Clin. 2013;63(1):11-30. PMID: 23335087 .

280 http://cancercontrol.cancer.gov/index.html.

281 http://costprojections.cancer.gov/.

arises from alterations in the interactions among layered
biological systems. The many different forms of cancer
can be understood only by characterizing these systems
and how they interact. NIH cancer research programs aim
to improve our understanding of cancer as a multiscale,
multidimensional disease system. This approach provides
a context for research on:

e |dentifying substances in our environment that we know
or suspect will cause cancer

e Preventing cancer through use of risk
assessments based on genetic susceptibilities and
environmental exposures

e Detecting and diagnosing cancer based on knowledge of
cancer-signaling pathways and biomarkers

e Predicting cancer progression and outcomes based
on examination of the tumor microenvironment and
interactions between tumor cells and surrounding,
noncancerous cells in promoting metastasis, drug
resistance, and tumor recurrence

e Developing targeted interventions for individual cancer
patients based on the biology of their individual tumors
and predictions of their response to treatment

e Addressing the unique needs of the growing number of
cancer survivors

Precision medicine based on molecular characterization of
individual cancers is the vision that provides the foundation
for NIH’s approach to cancer research and treatment. With
the progressive realization of this vision, clinicians will have
the ability to use detailed information about an individual’'s
cancer and employ molecular and clinical data to guide
the selection of therapies that are most likely to be safe
and effective for that person. Precision medicine promises

Disclaimer: Links in this chapter were last accessed on 2/11/2016.
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http://www.cdc.gov/nchs/data/nvsr/nvsr60/nvsr60_04.pdf
http://cancercontrol.cancer.gov/index.html
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to improve quality of life for cancer survivors by minimizing
adverse side effects of therapy and reducing disparities
among populations currently experiencing an excess burden
of cancer.

The Organization of Cancer Research at NIH

Although cancer research is conducted and supported

by multiple ICs at NIH, NCI spearheads the Agency’s
efforts and programs along the continuum from basic

to translational to clinical research. Five NCI extramural
divisions support research at 650 U.S. universities,
hospitals, cancer centers, specialized networks and
research consortia, and other sites, as well as research

in more than 20 other countries. NCl’s two intramural
divisions—the Center for Cancer Research?®? and the
Division of Cancer Epidemiology and Genetics?®®—conduct
basic, translational, clinical, and population research aimed
at fundamental discoveries related to cancer causes and
mechanisms, genetics, and host immunological and other
responses to cancer. Both divisions seek to translate those
findings rapidly into new preventive and detection methods
and therapies. In addition, NCI provides infrastructure to
help the cancer research community, both in the U.S. and
abroad, take advantage of the potential benefits of emerging
technologies (e.g., genomics, proteomics, bioinformatics,
molecular imaging).

Cancer research conducted or supported by other NIH ICs
is wide-ranging and often coordinated with NCI programs
and grantees. Examples of cancer research within other
ICs include:

e FIC: global research and research training related to
tobacco control and research training related to chronic,
noncommunicable diseases, including cancer

e NHGRI: epidemiological and genomic research
on cancers

e NHLBI: research on blood-related cancers, on bone
marrow transplantation as treatment for cancers, and on
chronic obstructive pulmonary disease (COPD) and lung

282 http://ccr.cancer.gov/.
283 http://dceg.cancer.gov/.

cancer; administrative coordinator of the NIH Women'’s
Health Initiative,?* which examined outcomes for breast
and colorectal cancers

e NIA: research on the biology of aging as it relates to
cancer—for example, progeroid syndromes and other
conditions that increase cancer susceptibility

¢ NIAAA: research on the role of alcohol in colorectal,
breast, esophageal, liver, and pancreatic cancers

¢ NIAID: research on cancer-related viral pathogenesis as
well as basic biomedical research

¢ NIAMS: research on skin and bone cancers

¢ NIBIB: imaging, bioinformatics, and drug delivery
technology development in areas that are vital to
cancer research

e NICHD: research on reproductive organ cancers,
preservation of fertility in cancer patients, and
pediatric cancers

¢ NIDA: research on the prevention and treatment of
tobacco addiction as a means of cancer prevention

e NIDCD: research on the impact of head and neck
cancers on deafness and communication disorders

e NIDCR: research on oral, oropharyngeal, and
salivary cancers

¢ NIDDK: research on diseases of the liver, prostate,
kidney, colon, and bladder and their links to cancer,
as well as research on diabetes, obesity, and other
conditions that may increase cancer risk

e NIEHS: research on the effects of biological, chemical,
or physical agents that can lead to cancer, including
preparation of the National Toxicology Program’s (NTP’s)
legislatively mandated Report on Carcinogens, which
lists chemicals as known or reasonably anticipated to be
human carcinogens

* NIGMS: cancer-related basic biomedical research

¢ NIMH: research on mood disorders in relation to cancer
and cancer treatment

284 http://www.nhlbi.nih.gov/whi/.
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e NIMHD: research on cancer in diverse populations and
on health disparities in cancer incidence, prevalence,
morbidity, and mortality

e NINDS: research on brain, spinal cord, and
pituitary cancers

¢ NINR: research focused on understanding the underlying
biological mechanisms of a range of symptoms, their
effect on patients, and the biological and behavioral
bases for how patients respond to symptoms in cancer
and cancer treatments

e NLM: research on computerized analysis and
classification of cervical tissue and development of
advanced imaging tools for visualization of complex 3-D
volume data

NIH Funding for Cancer Research

NIH funding for cancer research was $5,621 million in FY
2012 and $5,274 million in FY 2013.285

Summary of NIH Activities

Across NIH, cancer and cancer-related research activities
are focused on two overarching goals: (1) prevent cancer
at every opportunity and (2) ensure the best outcomes for
those diagnosed with cancer. Specific objectives related
to these goals include understanding the causes and
mechanisms of cancer, accelerating progress in cancer
prevention, improving early detection and diagnosis,
developing effective and efficient treatments, and building
infrastructure for cancer research.

Cancer results from the complex interplay of genetic
background and environmental factors. In some cases,

a mutation of a single gene may be enough to increase
cancer risk, whereas in other cases, combinations of gene
variants collectively contribute to an individual’s susceptibility
to disease. A myriad of factors can influence cancer risk. In
addition to carcinogens, such as those found in tobacco,
and some infectious agents, physiological changes related
to obesity or other factors also can play a role in initiating
molecular aberrations in a cell’s genome.

285 http://report.nih.gov/categorical_spending.aspx.

Research that improves our understanding of these causes
and mechanisms of cancer—from identifying novel risk
factors to elucidating the processes of metastasis (the
spread of cancer from the primary tumor site)—is essential
for the development and application of interventions to
prevent cancer’s initiation and progression. NIH’s plan

for deciphering the causes and mechanisms of cancer
includes fundamental research into cell signaling that can
provide important insights into the molecular regulators

of cell growth and differentiation in a range of tissues. In
addition, NIH supports studies in molecular epidemiology
to define complex risk factors, research on the tumor
macroenvironment and microenvironment, research to
understand the role of altered gene expression in cancer
progression, and studies exploring the roles of susceptibility
genes in cancer risk and initiation.

In an effort to bring attention to understudied and
perplexing scientific questions across the continuum of
cancer research, NCI launched the Provocative Questions
(PQ) initiative in 2011.2% The PQs were identified through
workshops with the extramural cancer research community
and were intended to represent important, but nonobvious,
questions that would stimulate NCI’s research communities
to use laboratory, clinical, and population sciences in
especially effective and imaginative ways. Two subsequent
PQ Request for Application issuances were published in
2012 and 2013. While it is still too early to determine the
long-term impact of the PQ initiative, increased research
and attention on PQ topic areas already has shown signs of
contributing to new discoveries, technologies, and progress
against cancer. In addition, posing specific questions to the
cancer research community has proven to be an effective
and well-received method for NCI to solicit applications on
targeted subjects.

286 http://provocativequestions.nci.nin.gov/.
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Recalcitrant Cancer Research

In response to the mandate under Sec. 417G (d)(1) of the
PHS Act to provide information on actions undertaken to
carry out scientific frameworks developed with respect

to recalcitrant cancer, Appendix H includes the following
information on pancreatic ductal adenocarcinoma and small
cell lung cancer research:

e Information on grants funded in FYs 2012 and 2013
e Assessment of progress in these research fields

e An update on activities in these research fields

Identifying the Molecular Basis of Cancer

One of the largest challenges facing cancer research today
is dissecting the molecular changes that turn normal,
healthy cells into cancer cells. The Cancer Genome Atlas
(TCGA),?®" launched in 2006 as a collaboration between
NCI’s Center for Cancer Genomics and NHGR, is the
largest, most comprehensive analysis of the molecular
basis of cancer ever undertaken. The aim of TCGA is to
identify and catalog all of the relevant genetic alterations in
many types of cancer. The genomic information generated
by TCGA could fuel rapid advances in cancer research

and has already led to new therapeutic targets. It has
suggested new ways to categorize tumors, which might
allow clinical trials to focus on those patients who are most
likely to respond to specific treatments. In addition, TCGA
also could yield information critical to reducing health
disparities associated with cancer. In conjunction with the
NCI Center to Reduce Cancer Health Disparities,?®® TCGA is
working to ensure that adequate numbers of biospecimens
are obtained from underserved and underrepresented
populations to be included in TCGA analyses.

Additionally, publicly available TCGA data are being analyzed
by multiple research groups nationwide and include
promising efforts to link medical imaging characteristics to
genomic data to permit noninvasive characterization linked
to the cancer genome. For the latter effort, the associated
medical images (CT, MRI, PET) from TCGA patients are
being collected in a publicly accessible archive, The Cancer
Imaging Archive. Researchers from across the country

have formed specialized groups around each cancer type

27 http://cancergenome.nih.gov/.
288 http://crchd.cancer.gov/.

to develop ways of correlating the phenotypic features
seen in a medical image to the genomic characteristics of
the tumor. In this way, the heterogeneity of an entire tumor
might be able to be evaluated and monitored as it changes
over time and with treatment. The methods being explored
are refinements of visually apparent features (e.g., edema,
shape, necrosis) as well as automated computer extraction
of hundreds of quantitative measures. Modeling these
measures along with more traditional prognostic variables
of outcome such as age, stage, or hormone receptor
status can permit the development of more accurate clinical
decision tools.

A prime example of TCGA's potential is illustrated by
research targeting glioblastoma multiforme (GBM), an
aggressive form of brain cancer. In the past year, GBM
investigators discovered that about 10 percent of patients
with one of the four subtypes of GBM are younger at
diagnosis and live longer than patients with other subtypes
of the disease, but their tumors are unresponsive to current
intensive therapies. The molecular profile of this subtype
offers new targets for developing drugs to treat this form of
the disease more effectively. Research focused on breast
cancer offers another illustrative example of the promise of
fundamental insight offered by TCGA. Analysis conducted
through TCGA of nearly 1,000 breast cancers revealed
several tumor subtypes and identified molecular pathways
potentially important in tumor maintenance. Interestingly,
one of the more lethal subtypes identified more strongly
resembled serous ovarian carcinomas than did other breast
cancer subtypes, underscoring the fact that treatment
decisions for these tumors should be based more on

their molecular makeup than on the organ of origin. The
information gleaned from these findings, as well as other
rich sources of genomic data, will inform a new generation
of drug discovery and treatment options for addressing
ovarian cancer and some 20 other cancer types currently
under study at TCGA. During 2012-2013, the TCGA
network matured, with seminal manuscripts produced for
a variety of tumor types by using newly available, state-of-
the-art technologies to investigate most facets of the status,
production, and regulation of DNA and RNA, key players in
the functioning of the cell.

Many other noteworthy NIH research initiatives are
underway to illuminate the mechanisms of cancer. The


http://cancergenome.nih.gov/
http://crchd.cancer.gov/
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Therapeutically Applicable Research to Generate Effective
Treatments (TARGET)?® initiative seeks to identify and
validate therapeutic targets for childhood cancers, such

as acute lymphoblastic leukemia, acute myeloid leukemia,
neuroblastoma, osteosarcoma, and Wilms’ tumor. TARGET
investigators have identified mutations in a class of protein
kinase genes called the Janus kinases that predict relapse
in high-risk children with acute lymphoblastic leukemia.

A protein kinase is an enzyme that modifies and functionally
changes other proteins. TARGET uses high-throughput
screening technology to identify the genetic abnormalities
in these pediatric cancers, as does another initiative, the
Cancer Genome Characterization Initiative.2*° In addition,
investigators in the Clinical Proteomic Tumor Analysis
Consortium (CPTAC)®" are analyzing the sequences and
quantities of proteins in samples collected through TCGA
with the goal of comprehensive proteogenomic integration.
Proteogenomics is biological research that combines
proteomics (study of proteins) and genomics (study of
genomes). CPTAC investigators have discovered new
molecular features of colorectal cancer associated with
highly aggressive tumors and poor clinical outcome. In
addition, CPTAC has released the largest public repository
of cancer proteomic datasets on colorectal, breast, and
ovarian tumors and has launched the first community Web-
based portal of standardized multiplex proteomic targeted
assays that serves as a global resource of methodologies
and performance data to cancer-associated targets.

The Cancer Target Discovery and Development Network?®?
is accelerating the transition of molecular data to new
treatments through gene validation studies as well as from
high-throughput screening of small molecules and research
using mouse models. A number of other NCI resources
also support studies in mouse models. The Mouse Models
of Human Cancers Consortium?® promotes the use of
genetically engineered mice for mechanistic studies, as
well as to provide insight into new therapeutic strategies
before they are tested in clinical trials. Collaborative Cross
and Diversity Outbred mice developed with NCI funding are
being used to ascertain genetic determinants of therapeutic
response and adverse events. Collaborative Cross mice

289 https://ocg.cancer.gov/programs/target.

2% http://cgap.nci.nih.gov/cgci.html.

291 http://proteomics.cancer.gov/.

2%2 https://ocg.cancer.gov/programs/ctd2.

2% http://www.nih.gov/science/models/mouse/resources/hcc.html.

that were developed in partnership with NIEHS and NIDA
are also being used for mouse GWAS to expose the gene,
gene-gene, and gene-environment contributions to cancer
susceptibility that are linked to lifestyle factors, such as
obesity, stress, diet, and lack of exercise.

While NCl is still conducting GWAS to identify genetic
variants associated with cancer risk, sequencing efforts also
have increased. To leverage these resources and ensure
that the dramatic advances in genomics are incorporated
into rigorous population-based studies, data from these
initiatives are being made available to both intramural and
extramural research scientists, as well as to investigators
in the private sector, through rapid posting to databases.
Ultimately, findings from these studies may yield new
preventive, diagnostic, and therapeutic interventions

for cancer.

Systems biology is a rapidly evolving discipline seeking

a more holistic understanding of the complexities and
interactions of cancer. Together with newly developed
mathematical models, systems biology promises new fields
of study that will increase our understanding of the causes
and mechanisms of cancer. These disciplines focus on
biological and genetic networks that can be measured,

Figure 3-1. Mapping the position of genes in the cell nucleus
sheds light on basic principles governing the genome. Here,

a single gene called Pem (purple) has been localized using
fluorescence in situ hybridization. DNA is stained blue; the cell
cytoplasm is stained green. Credit: NCI.
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modeled, and manipulated, rather than focusing on the
individual components. Because this research requires
multidisciplinary teams of experts in biology, medicine,
engineering, mathematics, and computer science, NIH
launched the Integrative Cancer Biology Program (ICBP)?*4
to develop a framework for these activities. ICBP has
funded 12 integrative biology centers around the U.S.

to provide the nucleus for the design and validation of
computational and mathematical models of cancer. The
cellular and molecular interactions can be found and
their associations with cancer tested and quantified, and
parallel association studies can be conducted in relevant
human populations.

In 2012, NIH established the Living Lab for Structural
Biology in partnership with FEI, an Oregon-based
instrumentation company, to use advanced imaging
technology. It allows researchers to tackle previously
unanswered questions in structural biology by creating

3-D shapes of various molecular machines. Visualizing tiny
details is a step toward understanding the molecular origins
of disease.

NIH is expanding its research portfolio related to the basic
biology of tumor stem cells (also referred to as tumor-
initiating cells). Tumor stem cells may cause recurring
malignancy in some cancers. These cells often are resistant
to standard chemotherapeutic agents, but may contain
unique target molecules that allow their eradication with
novel molecular therapeutics. Progress has been made

in identifying tumor stem cells in multiple myeloma, acute
myeloid leukemia, and breast cancer. NCl is expanding its
research portfolio of oncolytic viruses to eradicate tumor
stem cells. Oncolytic measles viruses, engineered to
recognize cell surface markers on tumor stem cells, have
successfully targeted and eradicated tumor stem cells in
hepatocellular carcinoma.

Basic research is unlocking our understanding of what
happens in the cellular microenvironment in and around

a developing tumor. One aspect of this research is finding
ways to boost the body’s own immune responses to cancer
that offer a new array of cancer treatments. The molecule
CTLA-4, for example, inhibits the actions of T cells, part

of the body’s self-defense against tumors. Research on

2% http://icbp.nci.nih.gov/.

antibodies that block CTLA-4’s action and allow the body
to ramp up its own T-cell attacks on tumors led to the
recent approval of the drug ipilimumalb for melanoma.
Clinical trials using ipilimumab and other anti-CTLA-4
antibodies are also underway for some lung and prostate
cancers. Interestingly, cancer cells and activated immune
cells share similar metabolic requirements. An emerging
area of cancer immunotherapy is investigating whether
metabolic reprogramming of immune cells can avoid
competition between immune cells and cancer cells in the
tumor microenvironment and lead to more effective cancer
immunotherapies. Adoptive T-cell therapies are a rapidly
developing form of cancer treatment in which a cancer
patient’s own T cells are collected, expanded, and activated
in vitro and then infused into the patient to enhance the
immune elimination of cancer cells. In one form of adoptive
T-cell therapy, patients’ T cells are genetically engineered
to express potent antigen receptors, known as chimeric
antigen receptors, or CARs, that target specific antigens
on cancer cells. These therapeutic strategies allow the
customization of the treatment approach for each patient
and leverage NCl’s expertise in cancer biology, immunology,
synthetic biology, and antigen receptor design and in
clinical medicine.

e . F it iar

Figure 3-2. The ability of cancer cells to move and
spread depends on actin-rich core structures, such as the
podosomes (yellow) shown here in melanoma cells. Cell nuclei
(blue), actin (red), and an actin requlator (green) also are
shown. Credit: NCI.
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Molecular profiling is an ongoing effort at NIH, from work

at the bench to larger initiatives. In the area of molecular
diagnostics, the NCI Early Detection Research Network?®®
brings a collaborative approach to the discovery,
development, and validation of early-detection biomarkers for
clinical application. The Network is developing new ways of
detecting cancer during its earliest stages, building a resource
of cancer biospecimen reference sets for clinical studies,

and driving the application of biomarkers into clinical
decision-making in medical practice. Another NIH program,
Strategic Partnering to Evaluate Cancer Signatures,?%
focuses on confirming, evaluating, and refining “signatures”
derived from the molecular analysis of tumors (i.e.,
biomarkers detection) to improve patient management

and outcomes. In addition, the Cancer Genome Anatomy
Project?®” focuses on determining the gene expression
profiles of normal, precancerous, and cancerous cells to
improve detection, diagnosis, and treatment. The Cancer
Genome Anatomy Project website makes tools for genomic
analysis available to researchers worldwide.

NIH CC specializes in studying and treating rare diseases—
cancers among them—because of its unique capabilities to
accommodate and treat a large number of cancer patients
that might otherwise be seen only sporadically in more
regional facilities. In 2013, the NCI Rare Tumors Initiative
was started to foster closer collaborations among basic
and clinical scientists and patient advocacy groups in the
field of rare diseases to provide better characterization of
rare tumors and facilitate the development of therapeutic
approaches. Knowledge gained from this initiative can also
be applied to common cancers that have similar molecular
alterations. The overarching strategy is to combine

and leverage the talents of intramural investigators with
expertise in genetics, genomics, molecular biology, imaging,
tumor models, pharmacokinetics, pharmacodynamics,
biomarkers, and clinical trial development and execution.
Upon successful completion of the initial pilot phase

on RAS-related tumors, the scope of the Rare Tumors
Initiative will broaden to include the study of additional rare
tumors and will expand collaborations with intramural and
extramural researchers and patient advocacy groups, with
the goal to successfully study rare diseases and develop
effective therapies.

2% http://edrn.nci.nih.gov/.
2% http://cdp.cancer.gov/scientific_programs/specs/default.htm.

297 http://cgap.nci.nih.gov/.

Understanding and Managing Cancer Risks

While it is important to understand the molecular basis

of cancer, these molecular transitions are only part of the
picture. To better prevent and treat cancer, scientists need
to understand the complex combination of factors in genes,
environment, and behavior that puts a person at risk for
developing cancer. For reasons that are self-evident, the
optimal strategy for individuals, caregivers, and society at
large is to prevent cancer. To this end, NIH research has
multiple aims, including identifying and modifying behaviors
that increase risk, mitigating the influence of genetic and
environmental risk factors, and interrupting the cancer
process through early medical intervention.

One major NIH initiative anchored to the goal of clarifying
environmental and genetic risk factors for cancer is the
NIEHS-led Sister Study,?®® which focuses on breast cancer.
This study involves a cohort of 50,000 sisters of women
who have been diagnosed with breast cancer. Researchers
are following these unaffected sisters over time with periodic
health updates. The researchers will compare the women
who develop breast cancer during the follow-up period
with the women who remain healthy to identify factors
associated with increased cancer risk. One finding of the
study is that looking for a certain blood biomarker for DNA
methylation holds promise for breast cancer detection and
risk prediction.2%®

NIH also supports a network of Breast Cancer and the
Environment Research Program (BCERPS)*® to study
the effects of environmental exposures from the prenatal
period through adulthood that may predispose a woman
to breast cancer.

Initially established in 2003 through a collaboration involving
NCI and NIEHS, BCERP centers undertake multidisciplinary
studies of the genetic, chemical, physical, and social factors
that affect breast development during puberty and breast
cancer predisposition. An important goal is to develop
public health messages to educate young girls and women
who are at high risk of breast cancer about the role of
specific environmental stressors in breast cancer and how
to reduce exposure to those stressors.

2% http://www.niehs.nih.gov/research/atniehs/labs/epi/studies/sister/index.cfm.
29 Xu Z, et al., J Natl Cancer Inst. 2013;105(10):694-700. PMID: 23578854.
300 http://www.niehs.nih.gov/research/supported/centers/breast-cancer/index.
cfm.
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Breast Cancer and
the Environment

Prevenhon

Report of the Interagency Breast

Cancer and Environmental Research
Coordinating Committee (IBCERCC)

Figure 3-3. An NIH report, Breast Cancer and the
Environment: Prioritizing Prevention, recommends research,
policy, and communication to help women better understand
their risk of breast cancer. Credit: NIEHS.

The Interagency Breast Cancer and Environmental Research
Coordinating Committee was established by Congress in
2008 and is co-led by NCI and NIEHS. The Committee

was charged with reviewing the state of the science and
investments by federal agencies and other organizations
and making recommendations to the Secretary of HHS for
actions to better understand how changing environmental
circumstances affect breast cancer risk. The Committee’s
report, Breast Cancer and the Environment: Prioritizing
Prevention, details themes for future investigation in
transdisciplinary research, funding for breast cancer
research, and approaches for disseminating research
progress to inform policy and the public so that people can
make evidence-based decisions about the environment and
breast cancer.®!

301 http://www.niehs.nih.gov/about/assets/docs/breast_cancer and the
environment _prioritizing prevention 508.pdf.

Salivary gland cancers are a group of rare malignancies
with few therapeutic options. The rarity of this cancer, and
thus of sample availability, has been a major challenge

in advancing research on salivary gland tumors. NIDCR
has established a centralized Salivary Gland Tumor
Biorepository at M.D. Anderson Cancer Center that
collects biospecimens from several medical institutions and
supports a researcher-physician-patient alliance known
as the Salivary Gland Carcinomas Consortium.3%
NIDCR-supported scientists in the consortium recently
published the mutational landscape of one type of salivary
gland cancer called adenoid cystic carcinoma.30% 304

NCI also supports research to explore the effects of obesity
and energy balance on cancer risk, as well as to inform the
development of improved methods for assessing energy
intake, fat distribution, physical activity, and sedentary
behavior. For example, NCl is conducting etiologic studies
in large prospective cohorts and through multicohort
consortia, performing mechanistic studies using known
biomarkers, and searching for novel biomarkers. These
concerted efforts, along with other analytic approaches,
explore the exposures in prospective studies of certain
cancers (e.g., pancreatic cancer, esophageal cancer) and
are refining our understanding of the relationships of

these cancers with other more common cancers (e.g.,
post-menopausal breast cancer, colon cancer). An example
of a program in this area is the Transdisciplinary Research
on Energetics and Cancer®® initiative, which was developed
to foster collaboration among scientists and accelerate
progress toward reducing cancer incidence, morbidity, and
mortality associated with obesity, low levels of physical
activity, and poor diet.

One role of the trans-HHS National Toxicology Program
(NTP), led by NIEHS, is to review the cumulative state of
the science on the potential carcinogenicity of substances
that people may be exposed to in their daily lives, such

as industrial and commercial chemicals, biologics,

dietary supplements, and environmental contaminants.
Determinations are made as to whether a substance is

a known human carcinogen or a reasonably anticipated

302 https://research.mdacc.tmc.edu/Salivary DB/.

%93 Stephens PJ, et al. J Clin Invest. 2013;123(7):2965-8. PMID: 23778141,
%04 Ho A, et al. Nat Genet. 2013;45(7):791-8. PMID: 23685749.

305 http://www.trecscience.org/trec/default.aspx.
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human carcinogen, and these findings are published in

the publically available Report on Carcinogens.®®® NTP
conducts and publishes other research related to cancer.

In FY 2013, NTP released the results of a literature-based
evaluation on the developmental effects and pregnancy
outcomes associated with the use of cancer chemotherapy
during pregnancy.®®” The program also released a study that
developed a model for arsenic-induced kidney cancer®®
and another study that showed cancerous epithelial

cells can cause normal stem cells to develop cancer-like
characteristics by being in close proximity.>®® These studies
are important for understanding the potential mechanisms
of cancer.

NCI has been a long-standing supporter of the International
Agency for Research on Cancer (IARC) Monographs on

the Evaluation of Carcinogenic Risks to Humans. The IARC
Monographs program critically evaluates the published
scientific evidence on carcinogenic hazards to humans,
including chemicals, complex mixtures, physical agents,
biological organisms, behaviors and lifestyle factors, and
environmental exposures and occupations. The Monograph
volumes are considered critical references that inform health
policy and cancer research worldwide about carcinogenic
risks to reduce cancer burden globally. In FY 2013, IARC
assessed and classified specific herbal products as possibly
carcinogenic to humans based on a number of studies
conducted by NTPR.81°

Dramatic developments in technology and an enhanced,
continually evolving understanding of the causes

and mechanisms of cancer are proving crucial to

the development of prevention strategies. Research
across multiple disciplines will provide a more complete
understanding of the interplay of molecular, behavioral,
genetic, and other factors that contribute to cancer
susceptibility. Identifying critical molecular pathways

in precancerous lesions will provide new drug targets
for preempting cancer. For example, the recent
characterization of ovarian tumors through TCGA may
inform the development of a much needed screening

306 http://ntp.niehs.nih.gov/go/roc.

307 http://ntp.niehs.nih.gov/ntp/ohat/cancer chemo preg/chemopregnanc
monofinal 508.pdf.

3% Tokar EJ, et al. Chem Res Toxicol. 2013;26(1):96—-105. PMID: 23137061.
309 Xu'Y, et al. Environ Health Perspect. 2013;121(8):944-50. PMID: 23687063.
810 JARC. Lancet Oncol. 2013;14(9):807-8. PMID:24058961.

assay for this disease, which is currently often detected in
late stages. Genomic studies also may identify targets for
chemoprevention. The Consortia for Early Phase Prevention
Trials,®"" first funded in 2003, was renewed in 2012 with

five major cancer research centers chosen to lead new
studies through multiple collaborative networks to assess
the cancer prevention potential of new agents, with a

focus on Phase | and Phase |l clinical trials. In addition to
designing and conducting trials and recruiting participants,
the Consortia work to (1) characterize the effects of potential
agents on molecular targets, (2) identify biological events
associated with cancer development, (3) develop scientific
insights into the mechanisms of cancer prevention by the
agents examined, and (4) correlate these effects with clinical
endpoints to bring these findings into clinical practice.

A major step forward in our efforts to prevent cancer has
been the development of vaccines that target human
papillomavirus (HPV). Persistent infection with HPV is
recognized as the major cause of cervical cancer. Gardasil®,
an FDA-approved vaccine against HPV types 6, 11, 16,
and 18 (the viral types that cause approximately 70 percent
of cervical cancers and 90 percent of genital warts), and
Cervarix®, an FDA-approved vaccine against HPV 16

and 18, are now available. Given recent evidence that
oropharyngeal cancers are increasingly associated with
HPV infection, NIDCR supports research on HPV and

has shown that Gardasil® and Cervarix® are effective in
preventing infection by the HPV strains associated with
these cancers.®'2 Other similar vaccines against HPV types
16 and 18, as well as vaccines that address additional
subtypes, are in development. These vaccines have the
potential to save thousands of lives annually in the U.S. and
several hundred thousand more lives each year worldwide.
All of these vaccines resulted directly from epidemiological,
basic, and preclinical research discoveries, as well as the
development of a prototype HPV vaccine, by NIH scientists.

In an effort to reduce the cancer incidence, morbidity, and
mortality associated with obesity, low physical activity, and
poor diet, NIH has funded the Transdisciplinary Research
on Energetics and Cancer Research Centers, which foster
collaboration among transdisciplinary teams of scientists.
The Centers are studying factors that lead to obesity

311 http://prevention.cancer.gov/programs-resources/programs/phase-0-I-Il.
%12 Herrero R, et al. PLoS One. 2013;8(7):e68329. PMID: 23873171.
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and the mechanisms by which obesity increases the risk

of cancer. The initiative is connecting with a number of
established projects in the areas of diet, physical activity,
and weight and is integrated with the Strategic Plan for NIH
Obesity Research.®'

The knowledge that environment and behavior can play
critical roles in the development of cancer has been
fundamental to one of the greatest public health success
stories of the 20th century: the reduction in tobacco use
and related diseases. Since the publication of the first
Surgeon General’s Report on Smoking and Health in
1964, tobacco control efforts in the United States have
included restrictions on smoking in public places, increases
in cigarette excise taxes, limits on underage access to
cigarettes, and efforts to increase public awareness of

the hazards of smoking. According to researchers from
the NCI-sponsored Cancer Intervention and Surveillance
Modeling Network (CISNET), 20th century tobacco control
programs and policies have been responsible for preventing
nearly 800,000 lung cancer deaths in the U.S. from 1975
through 2000.%'* This success has been due to public-
private partnerships and also is a trans-HHS victory, as
significant research investments have been made over
the past 50 years by NCI, NIEHS, NHLBI, NIDA, NIAAA,
CDC, and AHRQ. In addition, untold numbers of cancer-
related illnesses and deaths have been prevented through
the decrease in exposure of nonsmokers to environmental
tobacco smoke due to recognition of the effects and
widespread campaigns to limit or ban smoking in public
places. Without these investments, millions of Americans
might still be smoking today, hundreds of thousands of
smokers and those exposed with them would have died
prematurely of a tobacco-related disease, and billions of
dollars would have been spent on providing treatment to
people with tobacco-related illnesses.

NIH is strengthening health research infrastructure and
building global research capacity through FIC’s International
Tobacco and Health Research and Capacity Building
Program, which identifies new approaches in prevention
and treatment through international collaborative research.
This program promotes transdisciplinary approaches to

313 http://www.obesityresearch.nih.gov/About/StrategicPlanforNIH_Obesity
Research Full-Report 2011.pdf.

14 Holford TR, et al. JAMA. 2014;311(2):164-71. PMID: 24399555.

reduce the global burden of tobacco-related illness and is
designed to promote international cooperation between
U.S. investigators and scientists in low- and middle-
income countries (LMICs) where tobacco consumption is a
current or anticipated public health problem. The program
also requires and underscores the need to build research
capacity to support locally relevant research on tobacco
control interventions and enhance the number and the
knowledge of tobacco investigators in LMICs.

Improving Screening,
Diagnosis, and Treatment

Detecting and diagnosing tumors early in the disease
process, before the tumor becomes invasive and
metastatic, can dramatically improve a patient’s odds for
successful treatment and survival and prevent a large
proportion of cancer deaths. Therefore, NIH seeks to
accelerate the translation of basic research findings into
sophisticated, minimally invasive procedures that harness
imaging, genomic, proteomic, nanotechnology, and other
advanced early detection and diagnostic techniques. These
improvements in screening and diagnosis, together with
NIH’s continuing support of new and improved cancer
treatments, have the potential to greatly improve outcomes
for cancer patients.

In support of this goal, the Physical Sciences-Oncology
Network (PS—-ON) supports innovative ideas that blend
perspectives and approaches from the physical sciences
and cancer research, with the goal of improving cancer
prevention, detection, diagnosis, prognosis, and therapy.
PS-ON investigators develop and test physical
sciences-based experimental and theoretical concepts that
complement and advance our current understanding of
cancer biology and oncology. Using advanced microscopy
techniques and computational analysis of the signaling
within the cell, researchers have been able to determine
the best schedule for radiation treatment in glioblastoma
patients. In a similar vein, the Innovative Molecular Analysis
Technologies (IMAT) program?®'® is a high-risk and high-
reward approach to supporting new technologies that serve
the broad spectrum of cancer research. Grant awards from
the IMAT program support roughly 25-30 highly innovative
technology research projects each year, selected for their

315 http://innovation.cancer.gov/.
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strong potential to transform cancer research and/or clinical
care of cancer patients. Since the program’s inception,

NCI has awarded more than 500 IMAT grants, leading to
more than 100 platforms that are now either commercially
available or accessible through collaboration with
NCI-supported scientists.

Another program, the Cancer and Imaging Program,3'¢
supports cancer-related basic, translational, and clinical
research in imaging sciences. Program initiatives include (1)
development and delivery of image-dependent interventions
for malignant and premalignant conditions; (2) standardized
models for the design of clinical trials that use imaging
technologies; (3) development of emerging imaging
technologies, including nanotechnology, proteomics, and
high-throughput screening; and (4) development of imaging
methods for cancer detection and treatment and for
monitoring responses to therapy.

In June 2013, the NCI Board of Scientific Advisors (BSA)
approved the creation of the NCI Community Oncology
Research Program (NCORP). The overall goal of NCORP

is to bring state-of-the art cancer prevention, control,
treatment and imaging clinical trials, cancer care delivery
research, and disparities studies to individuals in their own
communities. This new program expands upon the success
of the Community Clinical Oncology Program (CCOP)
Network®'” (including its minority-based [MB] CCOPs),
adding elements of the NCI Community Cancer Centers
Program (NCCCP)®'® and creating a network for cancer
care delivery research. NCORP replaces both the CCOP
Network and NCCCP. Similar to the CCOP and MB-CCOP
networks, NCORP’s three major components include
research bases, community sites, and minority/underserved
community sites, with the community sites having the
capacity to support cancer care delivery research. The
proposed timeline for implementing this new program
included releasing the FOA in fall 2013 and conducting the
review and awards in summer 2014,

The Cancer Research Network (CRN)®'® conducts cancer
prevention, early detection, treatment, long-term care, and
surveillance research using data systems of nine HMOs

316 http://imaging.cancer.gov/.
817 http://ccop.cancer.gov/.

818 http://nccep.cancer.gov/.

319 http://crn.cancer.gov/about/.

nationwide. Studies of lifestyle change include research into
energy balance (integrated effects of diet, physical activity,
and genetics on growth and body weight) as a way to
control cancer incidence. The SEER Program,®® which has
collected data since 1973, regularly samples approximately
28 percent of the U.S. population, including 26 percent of
African Americans, 38 percent of Hispanics, 44 percent of
American Indians and Alaska Natives, 50 percent of Asians,
and 67 percent of Hawaiian/Pacific Islanders. This database
provides critical data on cancer trends and is maintained by
NCI in collaboration with CDC’s National Center for Health
Statistics, the Census Bureau, and the North American
Association of Central Cancer Registries.

Screening for cancers within the large population of people
who do not have obvious cancer symptoms represents

a major undertaking for health care providers in the U.S.
Most medical organizations, including the U.S. Preventive
Services Task Force (USPSTF), recommend screening

for breast, colon, lung, and cervical cancers based on
demonstrated mortality reductions in randomized trials
(breast, colon, and lung cancers) and large population
cohort studies (cervical cancer). Evidence shows that the
process of finding these cancers among the many people
screened is not optimal. In the areas of cancer screening
and malignancy management, research is critically
needed to establish minimally invasive methods to predict
whether a screen-detected lesion is indolent, requiring
only careful monitoring, or is aggressive/progressive,

thus requiring appropriate intervention. To address what
is called overdiagnosis —detecting lesions that will not
cause symptoms or threaten life and therefore do not
need treatment—NCl is developing a research initiative to
establish a comprehensive approach to the molecular and
cellular characterization of screen-detected lesions, with
the goals of enabling better prediction of the fate of early
lesions as well as maximizing the benefits of screening while
minimizing the harms.

Although the performance characteristics of individual
screening tests (sensitivity, specificity, and positive predictive
value) are relatively well known, analogous performance
characteristics of the entire screening process remain
understudied. To pursue the long-term objective of

320 http://seer.cancer.gov/.
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optimizing the screening processes in community practice,
NIH is supporting Population-based Research Optimizing
Screening through Personalized Regimens Research
Centers.®! This multisite, coordinated, transdisciplinary
initiative has the scientific goal of supporting research to
better understand how to improve the screening process
(i.e., recruitment, screening, diagnosis, referral for treatment)
for breast, colon, lung, and cervical cancers.

Surprisingly, some research into the causes and
mechanisms of cancer has revealed that tumors function
like organs, comprising many interdependent cell types
that contribute to tumor development and progression. The
relationship between tumors and their surrounding cellular
environment evolves over time, strongly influencing tumor
progression, metastatic potential, and responsiveness to
treatment. The Tumor Microenvironment Network®?? is an
NIH program focused on expanding our understanding of
the role of the microenvironment in which a tumor originates
and the critical role the microenvironment plays during
tumor development, progression, and metastasis and in
conferring therapeutic resistance.

Furthermore, interest is growing in the scientific community
about the relationship between inflammation and cancer.
Inflammation is a response to tissue damage, whether
resulting from physical injury, infection, exposure to toxins,
or other types of trauma. NIH is pursuing research on

the links between carcinogenesis and alterations in the
microenvironment induced by inflammation. Current
research on inflammation suggests that pro-inflammatory
conditions contribute to the development of several types of
cancer, including lung, stomach, and liver cancers, and may
lead to new treatment approaches (for example, research
efforts focused on inflammatory and fibrotic diseases of

the esophagus, stomach, colon, pancreas, and liver—all

of which are risk factors for the development of cancer in
these organs). The Cancer and Inflammation Program?32®
constitutes a major component of NIH’s inflammation and
cancer initiative, which partners expertise in inflammation
and immunology with cutting-edge cancer etiology and
carcinogenesis research.

%21 http://appliedresearch.cancer.gov/networks/prospr/.

822 http://tmen.nci.nih.gov/.
323 http://ccr.cancer.gov/labs/lab.asp?labid=790

NCI has a growing basic research portfolio on both
AIDS-defining and non-AIDS-defining cancers. With
increased survival as the result of widespread use in the
developed world of highly active antiretroviral therapy
(HAART), non-AIDS-defining cancers (i.e., anal cancer, liver
cancer, lung cancer, skin cancer, Hodgkin’s disease) are on
the increase in the HIV-infected population. NCI's growing
focus on liver cancer as the result of infection by hepatitis
B virus (HBV) or hepatitis C virus (HCV) is illustrated in the
HHS plan Combating the Silent Epidemic of Viral Hepatitis:
Action Plan for the Prevention, Care, & Treatment of Viral
Hepatitis.®?* Accomplishments thus far include workshops
on viral hepatitis and liver cancer as well as FOAs
encouraging new areas of research within the NCI portfolio.

NCl is also investigating therapies that use host immune
cells and responses to combat tumor growth and
metastasis. For example, the Center of Excellence in
Immunology®?® within the IRP, fosters the discovery,
development, and delivery of novel immunologic
approaches for the prevention and treatment of cancer and
cancer-associated viral diseases. The complex interactions
between tumors and surrounding cells that influence
cancer progression are being characterized by projects
funded through ICBP and the Tumor Microenvironment
Network. Projects funded through the recent Advanced
In vivo Imaging to Understand Cancer Systems initiative
are focused on integrating advanced in vivo imaging
technologies with systems biology approaches to
understand complex cancer phenomena at the highest
resolution. Advocacy by the Center of Excellence in
Immunology, in partnership with NCI and NIAID, resulted
in methods for producing the immune signaling molecule
IL-15 in a manner that is safe for human use. Through
the Cancer Immunotherapy Trials Network, clinical-grade
IL-15 is now used for both intramural and extramural
clinical trials to boost the immune system’s innate cancer-
fighting capabilities.

Another area of research that holds promise for advancing
molecular diagnostics is proteomics —the study of complex
arrays of proteins produced by cells and tissues. Since

its completion nearly a decade ago, the Human Genome
Project has catalyzed progress in proteomics research, and

324 http://www.hhs.gov/ash/initiatives/hepatitis/index.html.
325 https://ccrod.cancer.gov/confluence/display/COEl/Home.
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NIH has taken a leading role in facilitating the translation of
proteomics from laboratory research to clinical application
through the Clinical Proteomic Technologies for Cancer
initiative. The overall objective of this initiative is to build

a foundation of standardized proteomic technologies and
workflows, develop advanced proteomic technologies

and computational tools, and develop broadly available
resources (well-characterized affinity reagents, instrument
reference materials, and data reference sets) for the cancer
research community. These activities, which are needed

to advance our understanding of protein biology in cancer
and accelerate the development of clinical applications,
are conducted through a collaborative approach of

a multidisciplinary network of teams and individual
investigators. Deliverables include reference materials,
open-source computational tools, proteomics data-sharing
principles, improved quality control of biospecimens for
proteomic experiments, regulatory science documents, and
publicly available antibodies.®?®

As previously noted, efforts at NIH—particularly at NCI

and NIDA—to study and reduce the use of tobacco
products have contributed to a sustained annual reduction
in age-adjusted cancer mortality rates over the past
decade and more—not just among men, in whom we
have seen steady declines, but now also among women.
Unfortunately, women have a more difficult time quitting
smoking than men do. One contributing factor is that
nicotine replacement therapies are more effective for men
than for women. Thus NIDA researchers are investigating
alternative treatments, both pharmacologic and behavioral,
as well as barriers to smoking cessation for women. For
example, three researchers funded through the Office of
Research on Women'’s Health (ORWH) Specialized Centers
of Research on Sex Differences®?’ are investigating new
smoking cessation medications that are showing promise
as effective smoking cessation treatments in women.

Current and former heavy smokers still remain at high risk
of developing lethal lung cancers, which are the leading
cause of cancer mortality. The recently completed National
Lung Screening Trial (NLST)%2® provided the first clear
demonstration that a screening procedure among this

326 http://antibodies.cancer.gov/.
%27 http://orwh.od.nih.gov/sexinscience/researchtrainingresources/scor.asp.
328 http://www.cancer.gov/clinicaltrials/noteworthy-trials/nlst.

high-risk population can be effective in reducing mortality
from lung cancer. Current and former heavy smokers
who were screened with low-dose helical computed
tomography (CT) were 20 percent less likely to die of

lung cancer than were peers who received standard
chest X-rays. This promising finding, combined with
proven tobacco prevention and cessation efforts, could
save many lives among those at greatest risk. USPSTF
commissioned modeling studies of lung cancer screening
by investigators in NCI’'s CISNET to fully assess the risks
and benefits of screening with low-dose helical CT and
provide information about the optimum age at which to
begin and end screening, the optimum screening interval,
and the relative benefits and harms of different screening
strategies. In 2013, USPSTF considered the NLST results
and the CISNET modeling studies, along with a systematic
review of the literature. USPSTF concluded that annual
screening for lung cancer with low-dose CT is of moderate
net benefit in asymptomatic persons who are at high risk
for lung cancer based on age, total cumulative exposure
to tobacco smoke, and years since quitting smoking.®?° In
the coming years, NCI seeks to support a wide range of
prevention and detection efforts that could have equally
significant outcomes, including enhanced screening for
breast, cervical, and colorectal cancers; new imaging
approaches for more accurate and earlier detection

of breast cancer, GBM, and renal cell carcinoma; and
identification of biomarkers as early warning signs of

the presence of or likelihood of developing many kinds

of cancers. NCI research will continue to develop an
enhanced understanding and ability to modify behaviors
that increase the risk of developing cancer, reduce exposure
to environmental carcinogens, and mitigate the effects of
environmental or genetic cancer risks.

Developing more effective, more efficient, and less toxic
cancer treatments is at the heart of NIH’s cancer research
agenda. A better understanding of the fundamental
mechanisms leading to cancer development, progression,
and metastasis is improving the identification of key
biochemical pathways in the disease process as targets
for treatment. Acceleration of target validation and the
development of new treatment modalities are being made
possible by recent advances in biomedical science and

329 http://www.uspreventiveservicestaskforce.org/uspstf13/lungcan/lungcanfinalrs.
htm.
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technology. A rapid translation from development to delivery
will ensure that promising treatments move safely and
efficiently from preclinical investigation through late-stage
clinical trials and into clinical practice.

NIDCR supports research to improve prevention, diagnosis,
and treatment for a number of different cancers, including
oral, oropharyngeal, salivary gland, and head and neck
cancers. For example, use of state-of-the-art high-
throughput sequencing technologies has resulted in the
identification of abnormal pathways in oral cancer cells
that can be targeted for cancer therapy.®®° In addition,
NIDCR researchers have taken advantage of scientific
advances to repurpose existing drugs, such as rapamycin
and metformin, to combat these forms of cancer. NIDCR
and NCI scientists are now teaming up to explore whether
metformin might represent a safe, low cost, and effective
treatment option to prevent the development of head and
neck cancers in patients with premalignant lesions.

NIH is working on multiple fronts in the drive to develop
new, more effective therapies for cancer. One innovative
initiative, the NCI Experimental Therapeutics (NExT)
Program,®' combines the extensive expertise of cancer
treatment and diagnosis in anticancer drug development
with the dynamic NIH intramural research resources. Drug
discovery and development projects that enter the NExT
pipeline are focused on unmet needs in cancer therapeutics
that are not addressed adequately by the private sector.
NEXT is designed to advance clinical practice and bring
improved imaging methods and therapies to cancer
patients. The discovery engine of this program is the
Chemical Biology Consortium.®®2 NCI has established this
collaborative network comprising 12 of the top Specialized
and Comprehensive Screening and Chemistry Centers

with world-class capabilities covering high-throughput
methods, bioinformatics, medicinal chemistry, and structural
biology. The subsequent late-stage preclinical development
leading to first-in-human studies of promising molecular or
biologic molecules involves resources provided by the highly
successful Developmental Therapeutic Program. Concurrent
developments of agents for molecular imaging involving the
Cancer Imaging Program?®3 and/or the development and

330 Curtis R, et al. Cancer Discov. 2013;3:770-81. PMID: 23619168.

331 http://next.cancer.gov/.
332 http://next.cancer.gov/discoveryResources/cbc.htm.

333 http://imaging.cancer.gov/.

use of pharmacodynamic assays through the efforts of the
Pharmacodynamic Assay Development and Implementation
Section,®** the National Clinical Target Validation Laboratory,
and labs within the intramural Center for Cancer Research
allow early assessment of potential clinical biomarkers.
These coordinated and focused research and development
(R&D) processes enable continued incorporation of new
data and disease insights into every step of the discovery
and development process, thereby increasing the potential
for successful clinical evaluation of agents. The new

Clinical Assay Development Program?3%® was established to
accelerate the movement of promising clinical laboratory
assays from the research setting into clinical trials. The
program provides access to tissue and laboratory resources
for the analytical and clinical validation of assays to predict
response to cancer treatment or disease outcome.
Services are provided to efficiently develop diagnostic tests
that address clinical needs, including co-development

of targeted agents and predictive markers. Several
investigator-proposed assays were taken into this program,
and currently three assays are in development that, once
analytically validated, could be used in clinical trials.

The Matrix Drug Screening for Combination Therapies in
Cancer Initiative, launched in 2012, is a collaborative project
between NCI intramural and NCATS aimed at identifying
synergistic drug combinations for the treatment of cancer
using a quantitative high-throughput screening approach.

A novel automated technology developed by NCATS has
enabled drug combinations to be screened using selected
cell lines in a dose-related manner. Informatics methods are
identifying antagonistic, additive, and synergistic effects of
drugs in combination.

NCI investments in basic research lead to the identification
of potential therapeutic targets, many of which are
validated and pursued by commercial interests. With the
NEXT initiative and other similar programs, NCI seeks to
complement, rather than compete with, the private sector
and often takes the lead on high-risk projects or those
focused on rare cancers. Drugs against targets that have
been characterized in part by NCI-funded researchers are
already being used to treat cancer and/or are being tested
in clinical trials. For example, Phase Il clinical trials recently

334 http://next.cancer.gov/developmentResources/pd_biomarker.htm.
335 http://www.cancerdiagnosis.nci.nih.gov/scientific_programs/pacct/cadp.htm.
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Figure 3-4. NCATS robot for high-throughput screening of chemical compounds. Credit: NCATS.

have been initiated to test therapies targeting the genes
BRAF in melanoma and ALK in lung cancer. NCI supports
a large portfolio of translational and preclinical studies that
are focused on identifying, validating, and testing strategies
for the treatment of cancer. The Comparative Oncology
Program (COP)®¢ provides an integrated mechanism
through which the study of naturally occurring cancers in
animals can generate new information about cancer and
help translate biological concepts into clinical application.
As part of this effort, and to evaluate novel therapeutic
strategies for cancer, COP has established a multicenter
collaborative network of extramural comparative oncology
programs to design and implement preclinical trials involving
domesticated animals.

336 https://ccrod.cancer.gov/confluence/display/CCRCOPWeb/Home.

The Repository of Molecular Brain Neoplasia Data
(REMBRANDT)*" is an online portal that integrates genomic
data from several hundred brain tumors with clinical
information about how patients responded to treatments,
allowing researchers to dissect relationships between
genomic traits and outcomes as well as conduct in silico
investigations of potential therapeutic targets. Associated
clinical images are publicly available from 130 of the cases
that were used to develop an approach for correlating
genomic data with phenotypic imaging data.®¥® The Trial
Assigning IndividuaLized Options for Treatment (Bx), or
TAILORX,%* is examining the possibility that a molecular

387 https://caintegrator.nci.nih.gov/rembrandt/.

338 https://wiki.cancerimagingarchive.net/display/Public/
REMBRANDT ?src=contextnavchildmode.

339 http://www.cancer.gov/clinicaltrials/noteworthy-trials/tailorx.
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profiling test that examines many genes simultaneously
could help predict whether women with early-stage breast
cancer would benefit from chemotherapy in addition to
radiation and hormonal therapy. Incorporating molecular
data into clinical decision-making could spare some women
unnecessary treatment if chemotherapy is not likely to
impart substantial benefit.

The range of contributions that radiation oncology and
radiation biology brings to cancer care and research has
expanded markedly in recent years. Technological advances
in imaging, treatment planning, patient immobilization/
tumor tracking, and the intensity- and image-guided delivery
of radiation therapy could improve routine clinical care by
increasing tumor dose and reducing high doses to normal
tissues. Some diseases considered to be untreatable

by radiation can now be managed successfully, such

as liver tumors. Proton particle therapy, with its ability

to focus the radiation, is emerging across the U.S. as a
potential improved means of treatment delivery for which
randomized trials are underway. NCl is supporting planning
grants for treatment with carbon (and other heavy) ions
that have both unique physical and biological capabilities.
The molecular, cellular, and systemic effects of radiation
open up new means of exploiting drug-radiation studies
and enhancing immunotherapy. The latter has been one

of the major treatment advances within the past 2 years.
The use of photodynamic therapy remains of interest,

with intriguing results for treating thoracic mesothelioma
being further investigated. This would represent a new
paradigm in treating this disease. The Radiation Research
Program?¥ provides linkage and collaboration among

NCI drug development programs, translational radiation
oncology researchers, and industry to develop new use

of drugs already in the clinic, called repurposing, and for
new molecular targeted agents. Systemic radiation therapy
linked to antibodies or other novel molecules, such as those
from nanotechnology, offer unique approaches to targeting
tumors and micro-metastatic disease.

Innovative research in genetics, imaging, and cancer
molecular signatures is laying the groundwork for
customized cancer patient care. The Advanced Technology
Program®' accelerates the delivery of new treatments

340 http://rrp.cancer.gov/.
341 http://atp.ncifcrf.gov/.

to patients by developing and applying advanced
technologies, such as biomedical imaging. The NCI imaging
facility for clinical cancer research will fuse imaging and
pathology in the evaluation of patients throughout treatment.
The NIH Center for Interventional Oncology®*? offers new
and expanded opportunities to investigate cancer therapies
using imaging technology to diagnose and treat localized
cancers in a targeted and minimally or noninvasive manner.
This interdisciplinary environment combines training, patient
treatment, and translational research and development in
interventional oncology.

NClI’'s Alliance for Nanotechnology in Cancer, a
comprehensive program involving both public and

private sectors, is designed to accelerate the use of
nanotechnology in cancer research and its implementation
into the clinical environment. This initiative supports
research on novel nanodevices to detect and determine
the location of cancer at its earliest stages, deliver
anticancer drugs specifically to malignant cells, and
determine in real time whether these drugs are effective

in killing those cells. Research programs of the Alliance
include the Nanotechnology Characterization Laboratory,
Cancer Nanotechnology Platform Partnerships, training
programs, an intramural Nanotechnology Characterization
Laboratory, and the Translation of Nanotechnology in
Cancer Consortium.

Improving the quantitative evaluation of prediction or the
measurement of response to therapy in the context of
clinical trials is the mandate of the Quantitative Imaging
Network (QIN). The cross-disciplinary, international,
cross-institutional teams that comprise QIN, collaborate to
develop and test algorithms for the quantitative evaluation
or prediction of response to therapy using medical imaging.
If the variability in measurements of tumor size or metabolic
function in routine medical imaging methods can be
reduced, fewer patients will be needed to establish the
efficacy of a therapeutic intervention. QIN’s goals include
the correlation of quantitative imaging results with other
molecular biomarker assays, including genomics. The
investigators develop and validate quantitative imaging
methods and correlation studies within an open science
framework, positioning QIN to serve as a technical resource

342 http://www.cc.nih.gov/centerio/index.html.
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for clinical trials networks, such as IROC-NCTN. QIN is
emerging as an effective research resource model; the
awardees collect image data and metadata from current
clinical trial data or retrospective trial data, develop
advanced quantitative imaging methods, and reach a
consensus on best practices to validate their performance.
The data, tools, and methodologies are shared in the

NCI Cancer Imaging Archive and the NCIP Hub. Multisite
collaborations using common data sets and challenge
competitions, where defined sets of images are used in a
contest by different teams to apply their unique algorithms
to a quantification problem, are among the methods the
teams use.

A cornerstone of the infrastructure for NIH-sponsored
cancer research is NClI's Cancer Centers Program,

which focuses on transdisciplinary approaches to

basic, population, and clinical research. Centers with
comprehensive designation must have robust portfolios in
each of these areas and must also demonstrate professional
public education and outreach activities in the communities
they serve. The 68 NCI-designated cancer centers

conduct some of the highest quality basic, translational,
and population research to improve cancer prevention,
diagnosis, and treatment while also stimulating innovative
pilot projects in new investigational areas. NCI-designated
cancer centers are increasingly reaching out to community
oncology practices and to minority and underserved patient
populations. They are also committed to delivering
high-quality care. A program has been established to
pre-qualify and re-qualify annually all of the comprehensive
cancer centers to perform advanced imaging so that quality
of the imaging and shortened time to clinical trial initiation
can be assured.

Specialized Programs of Research Excellence (SPORE)**
grants—which are often, but not always, situated within
cancer centers—are multiproject, multidisciplinary, and

in some cases, multi-institutional translational research
grants that focus on specific organ sites, such as breast

or lung cancer; a group of highly related cancers, such as
gastrointestinal (Gl) cancers or sarcomas; or cancers across
organ sites that are connected by common biological
pathway alterations. These grants involve both basic and

34 http://trp.cancer.gov/.

clinical/applied scientists (team science) within each project
and support studies that will result in new approaches

to prevent, detect, diagnose, and treat human cancers.
There are currently 51 active SPORE grants. SPOREs
within cancer centers build upon, but do not duplicate, the
resources of that center.

The SPOREs foster bi-directional translational research,
which means that a project may use knowledge of human
biology to develop and test the feasibility of cancer-
relevant interventions in humans or determine the biological
basis for observations made in individuals with cancer

or in populations at risk for cancer. SPOREs create an
environment for inter-SPORE collaboration and collaboration
with other government and nongovernmental groups to
increase cross-fertilization of ideas, leverage resources,
reduce duplication, and ensure access of resources to the
scientific community, ultimately facilitating the movement of
SPORE research along the translational science continuum.
SPOREs encourage the involvement of patient advocates
and support preclinical and early-stage clinical studies
focused on molecular pathways associated with organ-site
specific cancers, with emphasis on therapeutic targets. New
treatments are developed concomitantly with predictive
markers that identify patients most likely to respond to
specific treatments. Promising therapies are advanced to
the NCI National Clinical Trials Network, industrial partners,
or other clinical trials consortia for evaluation in later stage
clinical trials. SPOREs also support novel pilot projects
focused on the identification of cellular and molecular
markers to improve early cancer detection, diagnosis, and
risk assessment to reduce cancer incidence, morbidity, and
mortality; extend survival; and increase the quality of life of
cancer patients.

Clinical trials are a critical step in moving potential therapies
into clinical practice. NCI supports clinical trials through a
number of mechanisms that are designed to promote and
support clinical trials of new cancer treatments, explore
methods of cancer prevention and early detection, and
study quality-of-life and rehabilitation issues. One of NCl’s
flagship efforts has been the Cooperative Groups, which
were recently restructured and launched in early 2014

as the National Clinical Trials Network.* Other trials are

34 http://www.cancer.gov/newscenter/newsfromnci/2014/NCTNIaunch.
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conducted within IRP and with extramural support of
investigator-initiated projects. NCI has also implemented
the Biomarker, Imaging, and Quality of Life Studies Funding
Program,®#* which supports promising correlative studies
related to biomarkers, imaging, patient quality of life, and
cost-effectiveness analysis, in association with Phase llI
and large Phase |l trials. In order to facilitate management
and coordination of the clinical trials portfolio, NCI created
the Clinical Trials Reporting Program,®4¢ a comprehensive
database containing regularly updated information on all
NCl-supported interventional clinical trials.

Improving the Quality of Cancer Care

Research on the quality of cancer care is essential to ensure
the best outcomes for all people who may be affected

by cancer. Research in this area includes surveillance as
well as epidemiological and cost-effectiveness studies. In
addition, quality-of-life research increases our understanding
of the impact of cancer on patients, survivors, and their
family members, many of whom are at increased risk for
cancer themselves due to shared cancer-causing genes,
lifestyles, or environmental exposures. Dissemination of
research helps ensure that the knowledge gained through
NIH-supported research is communicated appropriately and
effectively to health care providers, policymakers, and

the public.

CISNET®*# is a consortium of NCl-sponsored investigators
that seeks to improve our understanding of the impact of
cancer control interventions (e.g., prevention, screening,
treatment) on population trends in incidence and mortality
using statistical modeling. The network focuses on meeting
the expanding scientific need for (1) tools that assist in
synthesizing emerging evidence in a timely manner, due

to the extraordinary pace of developments in cancer
control technologies; (2) basic science studies investigating
molecular and biological determinants of cancer risk;

(8) upcoming results from clinical trials; and (4) new
health-related data.

34 http://bigsfp.cancer.gov/.
346 http://www.cancer.gov/clinicaltrials/conducting/ncictrp/main.
347 http://cisnet.cancer.gov/.

NIH focuses on cancer treatment as a primary area for
quality-of-care research and the translation of research
findings into practice. To this end, several collaborative
projects have been initiated:

e The Quality of Cancer Care Committee, an interagency
working committee that has fostered collaborative
projects directly involving HRSA, AHRQ, CMS, VA, Indian
Health Service, CDC, and other federal health care
research and delivery agencies

e The National Quality Forum, a major public-private
partnership that identifies core measures of cancer
care quality

e Research on outcomes measurement by the
Cancer Outcomes Measurement Working Group®*®
and the Cancer Care Outcomes Research and
Surveillance Consortium?3+°

e Studies on improving the quality of cancer communications

¢ Research to monitor patterns of treatment dissemination
and quality of care through Patterns of Care/Quality of
Care Studies®®

In addition, the NCI Community Cancer Centers Program?®!
is researching how best to bring effective cancer treatments
to patients in the communities where they live.

Due in large part to the success of new treatment
strategies, the population of cancer patients surviving more
than 5 years from diagnosis continues to grow. Currently,
there are more than 14 million cancer survivors in the U.S.,
representing over 4 percent of the population. NIH supports
research and education efforts aimed at professionals who
care for cancer patients and survivors. The Office of Cancer
Survivorship®*? addresses the physical, psychosocial,

and economic impacts of cancer diagnosis and cancer
treatment as well as the need for interventions to promote
positive outcomes in survivors and their families. Important
early findings suggest long latencies for treatment-related
effects and highlight the need for extended follow-up, early
identification, and intervention before complications become
more Serious.

348 http://appliedresearch.cancer.gov/areas/assessment/comwg.html.
349 http://outcomes.cancer.gov/cancors/.

30 http://appliedresearch.cancer.gov/poc/.
351 http://nccep.cancer.gov/.
%52 http://dceps.ncei.nih.gov/ocs/office-survivorship.html.
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To improve the outcomes of cancer patients, advances

in knowledge must be effectively disseminated to the
public and to health care providers. The Cancer Control
P.L.AN.E.T.%3 Internet-based portal is a collaborative effort
aimed at providing access to data and resources that can
help cancer control planners, health educators, program
staff, and researchers to design, implement, and evaluate
evidence-based cancer control programs. PL.A.N.E.T.
assists local programs with resources that help them
determine cancer risk and burden within their state and
helps states identify potential partners. P.L.AN.E.T. also
provides online resources for interpreting research findings
and recommendations and for accessing products and
guidelines for planning and evaluation.

Due in part to an explosion of information through a number
of communication channels —including health information
in the news media, where cancer consistently ranks first
among disease-specific news coverage —the public may
at times hear conflicting or confusing information regarding
cancer prevention recommendations and other health
information. Health communication is a rapidly evolving
field. To monitor changes and trends in health and cancer
communication, NCI developed the Health Information
National Trends Survey a decade ago®** to examine how
different communication channels, including the Internet,
are used by adults 18 years and older to obtain vital health
information for themselves and their loved ones. Program
planners use the data to address barriers to effective
health information usage across populations and create
more effective communication strategies. Finally, social
scientists use the data to study health communication in
the information age in order to recommend strategies for
reducing the burden of cancer throughout the population.

NCI also invests in research to elucidate the factors that
contribute to cancer health disparities. The Basic Research
in Cancer Health Disparities initiative supports research to
understand the biological mechanisms for cancer disparities
among various racial and ethnic populations. The program
investigates genetic/biological differences and cellular
mechanisms that may lead to cancer disparities among
various populations. The Centers for Population Health and

358 http://cancercontrolplanet.cancer.gov/.
354 http://hints.cancer.gov/.

Health Disparities program?® supports transdisciplinary
research involving social, behavioral, biological, and genetic
studies to elucidate the causes of health disparities and
devise effective methods of preventing, diagnosing, and
treating disease and promoting health. Using a regional
approach, the Geographical Management of Cancer Health
Disparities Program?®® is working to support biospecimen
collection, development of bioinformatics platforms, clinical
trials recruitment and retention, emerging technologies
applications, and the development of research projects
that focus on health disparities in racial/ethnic minority and
underserved communities. As part of a broader Center to
Reduce Cancer Health Disparities Biospecimen Awareness/
Education and Collection Campaign, the Geographical
Management of Cancer Health Disparities Program also

is working to raise awareness about the importance

of biospecimens and to educate minority populations
about biospecimen research. Working in collaboration

with TCGA, this national campaign aims to increase the
collection of high-quality breast and prostate cancer
specimens from racial/ethnic minority and underserved
populations as well as raise awareness and education about
biospecimen research.

The RAS Initiative®” is a targeted plan to develop
therapeutic strategies against cancers driven by one of

the most mutated genes in all of cancer, KRAS. Mutations
in KRAS are especially prevalent in pancreatic, lung, and
colorectal cancers. This national mission was developed
during FY 2013 as a result of consultation with cancer
researchers, clinicians, and drug developers and was
approved by the National Cancer Advisory Board and NCl’s
Board of Scientific Advisors in June 2013. The program
operates on a hub-and-spoke model, with hub research
ongoing at the Frederick National Laboratory for Cancer
Research (FNLCR), the only Federally Funded Research and
Development Center in HHS. The researchers at FNLCR
reach out and collaborate with pharmaceutical companies,
academic institutions, and NCI intramural researchers as
well as other government entities. Five main projects have
been developed during FY 2013 and research began in

FY 2014. The goals of the RAS Program are to better
understand the role of RAS mutations in cancer in order to

3% http://cancercontrol.cancer.gov/populationhealthcenters/cphhd/index.html.
%56 http://crchd.cancer.gov/inp/gmap-overview.html.
357 http://www.cancer.gov/researchandfunding/priorities/ras.
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solve the challenges of treating RAS-driven cancers and to
build an open model of collaboration among government,
academic, and industry researchers that will re-energize
efforts to develop RAS therapeutics.

The incidence of cancer in LMIC is projected to increase
in the coming years. It is estimated that approximately

70 percent of cancer deaths will occur in LMIC. A high
prevalence of cancer risk factors, such as smoking, an
unhealthy diet, and infections, are contributing to this
increase, as are improvements in infectious disease
management, health care delivery, and sanitation, which
have augmented population longevity. The NCI Center for
Global Health®® was launched in 2011 to support NCI’s goal
to advance cancer research, build expertise, and leverage
resources across nations. The Center focuses on reducing
the global burden of cancer by supporting research
programs and activities in cancer prevention, screening
and early detection, diagnosis, treatment, palliation,

and survivorship. The Center builds capacity for cancer
research in the U.S. and other countries through training
and education as well as through research cooperation
with other countries. For example, the Center has offices
in other countries, including India, Argentina, and Belgium,
and has established research networks in Latin America, the
Caribbean, and Ireland.

Cancer Research Infrastructure
and Workforce

The infrastructure required for initiating and sustaining

a robust, multifront effort to advance the science and
treatment of cancer is exceptionally complex and varied
in terms of its components. One such component is
technology; NIH places a high priority on technology
development to support both research and the application
of research findings to improve health care delivery,
emphasizing the areas of bioinformatics, cancer imaging,
proteomics, and nanotechnology. As NIH-supported
scientists begin to apply new discoveries to cancer
prevention, early detection, and treatment, it will be
important to integrate the tools and insights of research,
science, and technology as effectively as possible.

3% http://www.cancer.gov/aboutnci/globalhealth.

NCI's Center for Biomedical Informatics and Information
Technology?®' (CBIIT) administers the National Cancer
Informatics Program?®? (NCIP), which supports the
informatics requirements and research priorities of the
intramural and extramural programs of NCI divisions, offices,
and centers (see the section on “Harnessing Technology”
in Chapter 2 for more details). In the cancer biology and
genomics domain, CBIIT and NCIP program staff work
closely with the Center for Cancer Genomics to make the
large data sets generated by The Cancer Genome Atlas
(TCGA), Therapeutically Applicable Research to Generate
Effective Treatments (TARGET), and the Cancer Target
Discovery and Development (CTD2) programs, among
others, accessible to the cancer research community.

Spanning translational and clinical research, CBIIT staff work
with members of the Cancer Imaging Program to support
the research of the Quantitative Imaging Network (QIN). The
network comprises academic centers that (1) share imaging
data and metadata produced by current commercial
imaging platforms; (2) integrate these data types with clinical
data; and (3) put the data to secondary use. CBIIT staff also
collaborate with the Cancer Therapy Evaluation Program to
support the standardization of data annotations to facilitate
the sharing of information from NCI-supported clinical trials
through the Clinical Trials Reporting Program.

Research workforce development is critical to maintaining
and enhancing the nationwide (as well as global)
infrastructure for cancer research. NCI supports training
within IRP and through training awards to institutions and
individuals in the extramural community. NIH will continue
to invest in attracting the best and brightest graduate
students and postdoctoral fellows—including those from
populations underrepresented in biomedical research—for
example, through the Continuing Umbrella of Research
Experiences diversity training program.®*® The program is
a comprehensive, holistic training approach that provides
funded training and career development opportunities, as
well as mentoring, for high school, pre- and post-doctoral
students, and early stage investigators from backgrounds
typically underrepresented in biomedical research, helping
them to become productive, independent cancer and
cancer health disparities research investigators and

39 http://crchd.cancer.gov/training/cure-overview.html.
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clinician-scientists. NCI also supports junior faculty
researchers from underrepresented populations in an
effort to promote workforce diversity in the cancer
research community.

Additionally, NCI supports training in a number of other
disciplines. TPS-ON provides training and professional
development opportunities for researchers at all career
stages, with the aim of cultivating a workforce capable

of working at the interface of the physical sciences and
cancer biology. The Alliance for Nanotechnology in Cancer
program’s Cancer Nanotechnology Training Centers are
focused on educating and training researchers from diverse
fields in the use of nanotechnology-based approaches

to advance cancer research. The Interagency Oncology
Taskforce, a partnership with FDA, is designed to train
scientists in cancer-related scientific research and
research-related regulatory review, policies, and regulations.
The Cancer Prevention Fellowship Program provides a
strong foundation for scientists and clinicians to train in the
field of cancer prevention and control, with opportunities for
cutting-edge research in the basic, quantitative, and social
and behavioral sciences, and a partnership between NCI
and FDA provides opportunities for prevention research

in drugs, biologics, and medical devices. Finally, NCI also
offers support to investigators interested in translational
and clinical research. The SPORE Career Development
Programs support investigators who want to develop

or refocus their careers on translational cancer research

in specific organ-site malignancies. The Cancer Clinical
Investigator Team Leadership awards provide two years

of funding to exceptional mid-level clinical investigators
who lead NCI-sponsored clinical trials but are not principal
investigators at NCI-designated Cancer Centers.

Conclusion—Realizing the Vision
of Precision Medicine

Through both extramural and intramural initiatives, NIH

is progressively realizing its vision of precision medicine

and care for all those who are affected by cancer. With
sustained, robust public support, NIH will continue to make
critical advances in the effort to reduce the morbidity and
mortality associated with the second leading cause of death
among American adults.

Neuroscience

Neurological disorders and mental iliness take an enormous
toll on human health and the economy. Even rare disorders
carry a substantial collective burden, as they often have an
early onset and long duration, and the stigma commonly
attached to neurological and mental disorders further
compounds individual and societal impact. According to
2005 estimates, neurological disorders strike more than

1 billion people worldwide, accounting for 12 percent of
total deaths.®® In the U.S., this includes approximately

100 million adults who suffer from chronic pain,®" an
estimated 10 percent or more adults who experience
migraine headaches,®? 2.3 million adults with epilepsy,*¢
and as many as 5.1 million adults with Alzheimer’s disease
(AD),%84%% to name a few. One in seven U.S. adults aged
72 and older has dementia, and current demographic
trends project a growing burden from age-related diseases
of the nervous system as populations benefit from increased
longevity. For example, the number of people with AD

is expected to rise to as many as 13.8 million by 2050
unless effective interventions are developed.®® The cost

of caring for people with AD and dementia was as high as
$215 billion in 2010.%7

Other neurological disorders are costly as well. Stroke is the
fourth leading killer of adults in the U.S. and a major cause
of long-term disability. An estimated 6.8 million Americans
have had a stroke, with annual medical and disability costs
totaling more than $36.5 billion and estimated to triple by
2030.%%8 Traumatic brain injury (TBI) is the leading cause of
death and long-term disability in young adults,®** with direct
and indirect costs of severe TBI reaching approximately
$76.5 billion in 2010.%° Each year, 2.5 million Americans

360 http://www.who.int/mediacentre/news/releases/2007/pr04/en/index.html.

%61 |Institute of Medicine. Relieving Pain in America: A Blueprint for Transforming
Prevention, Care, Education, and Research. Washington, D.C.: Institute of
Medicine, 2011. Available at: http://iom.edu/Reports/2011/Relieving-Pain-in-
America-A-Blueprint-for-Transforming-Prevention-Care-Education-Research.aspx.
%62 WHO. Atlas of Headache Disorders and Resources in the World 2011. 2011.
Available at: http://www.who.int/mental_health/management/atlas_headache
disorders/en/.

36 CDC. MMWR Morb Mortal Wkly Rep. 2012;61(45):909-13. PMID: 23151949.
364 Plassman BL, et al. Neuroepidemiology. 2007;29:125-32. PMID: 17975326.
365 Hebert LE, et al. Arch Neurol. 2003;60:1119-22. PMID: 12925369.

%66 Hebert LE, et al. Neurology. 2013;80(19): 1778-83. PMID: 23390181.

%7 Hurd MD, et al. New Engl J Med. 2013; 368(14): 1326-1334. PMID:
23550670.

368 Go AD, et al. Circulation. 2014;129:28-e292. PMID: 24352519.

369 http://www.cdc.gov/traumaticbraininjury/get the facts.html.

870 http://www.cdc.gov/traumaticbraininjury/severe.html.
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visit emergency departments or are hospitalized from TBI,

and many others with mild TBI do not seek emergency care.

Head injury also accounts for an estimated 20 percent of
combat-related injuries in modern wars, and blasts are a
leading cause of TBI in military personnel.®™

In 2012, an estimated 9.6 million adults in the U.S. aged 18
or older had a serious mental illness within the past year;
this represented 4.1 percent of all U.S. adults.®?> Mental
disorders result in more disability for U.S. adults than any
other class of medical illness,*® and a conservative estimate
places the total direct and indirect annual costs of mental
illness at more than $300 billion.*™ In addition, the lifetime
prevalence for any mental disorder in youth aged 13-18 is
46 percent; and the lifetime prevalence of “severe” mental
disorders in youth is 21 percent.3®

In 2012, among persons in the U.S. aged 12 or older,
17.3 million were classified with dependence on or abuse
of alcohol, and 6.9 million with dependence on or abuse
of illicit drugs.®® The overall social and economic burden
of substance abuse continues to rise, with annual costs
related to alcohol, tobacco, and illicit drug abuse totaling
more than $600 billion.377: 378 379

87 Ling G, et al. J Neurotrauma. 2009;26(6):815-25. PMID: 19397423.

872 Substance Abuse and Mental Health Services Administration (SAMHSA).
Results from the 2012 National Survey on Drug Use and Health: Mental

Health Findings, NSDUH Series H-47, HHS Publication No. (SMA) 13-

4805 (2013). Rockville, MD: Substance Abuse and Mental Health Services
Administration. Available at: http://www.samhsa.gov/data/NSDUH/2k12MH
FindingsandDetTables/2K12MHFE/NSDUHmMfr2012.htm.

378 WHO. World Health Statistics 2006. Geneva, Switzerland: WHO, 2006.

7 Insel TR. Am J Psychiatry. 2008;165(6):663-5. PMID: 18519528.

875 Merikangas KR, et al. J Am Acad Child Adolesc Psychiatry. 2010;49(10):980—
9. PMID: 20855043.

876 Substance Abuse and Mental Health Services Administration. Results from the
2013 National Survey on Drug Use and Health: Summary of National Findings,
NSDUH Series H-48, HHS Publication No. (SMA) 14-4863. Rockville, MD:
Substance Abuse and Mental Health Services Administration, 2014. Available at:
http://www.samhsa.gov/data/sites/default/files/NSDUHresultsPDFWHTML 2013/
Web/NSDUHresults2013.pdf.

877 Rehm J, et al. Lancet. 2009;373(9682):2223-33. PMID: 19560604.

378 CDC. Best Practices for Comprehensive Tobacco Control Programs—2007 .
Atlanta: U.S. Department of Health and Human Services, Centers for Disease
Control and Prevention, National Center for Chronic Disease Prevention and
Health Promotion, Office on Smoking and Health, 2007.

579 National Drug Intelligence Center. The Economic Impact of lllicit Drug Use on
American Society. Washington D.C.: United States Department of Justice, 2011.
Product No. 2011-Q317-002. Available at: https://www.justice.gov/archive/ndic/
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NIH Funding for Neuroscience and
Disorders of the Nervous System

NIH funding for research in neuroscience and disorders of
the nervous system was $5,618 million in FY 2012, and
$5,340 million in FY 2013 appropriations.2°

Summary of NIH Activities

Composed of the brain, spinal cord, sensory organs,

and nerves of the body, the nervous system underlies
perception, movement, emaotions, learning, and memory as
well as other functions essential to individual and societal
well-being. The nervous system interacts with all other
organ systems and is affected by countless diseases,
conditions, and environmental factors. Moreover, with
limited capacity for self-repair, the nervous system is
particularly vulnerable to damage from injury or infection,
and its repair mechanisms are poorly understood.
Neuroscience research includes (1) basic science studies
to understand the nervous system and its functions and (2)
translational and clinical research to develop interventions
to prevent and treat diseases and conditions affecting

the nervous system, which include a broad range of
neurological disorders; disorders affecting cognitive,
emotional, and behavioral function; diseases and conditions
that impair the primary senses; and developmental and
age-related disorders. Given the intrinsic complexity of

the nervous system and its central role in physiology and
behavior, neuroscience research spans many disciplines—
from genetics to physiology to psychology —and applies
tools from such areas as molecular biology, anatomy,
computer science, and imaging technologies.

The intramural and extramural programs of several ICs have
a major focus on the nervous system, but the full scope

of NIH neuroscience activities extends to components of
research portfolios across most of the Agency, reflecting
the multidisciplinary nature of the field and the importance
of the nervous system to many aspects of human health,
development, and disease. These activities often involve
collaborative efforts combining the unique strengths and
expertise of individual ICs. To reinforce such collaborations,
NIH established the Blueprint for Neuroscience Research,

380 http://report.nih.gov/categorical_spending.aspx.
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which accelerates neuroscience research through training
programs, the development of shared tools and resources,
and initiatives to address challenges in neuroscience that
transcend the mission of any single IC.

NIH research on neurological diseases, largely supported
by NINDS, seeks to uncover their causes and mechanisms
and to develop drugs and other treatments or preventive
strategies. Neurological disorders include common killers
and major causes of disability (e.g., stroke, TBI, multiple
sclerosis, epilepsy) as well as hundreds of less common
diseases (e.g., lysosomal storage disorders, spinal muscular
atrophy, muscular dystrophies, inherited neuropathies,
neurofibromatosis, tuberous sclerosis, Rett syndrome,
Tourette syndrome). Many neurological disorders have
genetic or developmental origins. Others result from trauma
to the nerves, spinal cord, or brain; from autoimmune,
infectious, or systemic disease; from tumor growth in
nervous system tissues; or from neurodegenerative
processes, as in Parkinson’s disease (PD), glaucoma,
frontotemporal dementia, and amyotrophic lateral sclerosis
(ALS). Still others result from, or are suspected of resulting
from, environmental exposure to certain substances,

such as metals, pesticides, polychlorinated biphenyls,

and solvents.

Brain disorders that affect cognitive, emotional, and
behavioral function include schizophrenia and psychoses;
Autism Spectrum Disorder (ASD) and other developmental
disorders; attention deficit hyperactivity disorder (ADHD);
mood and anxiety disorders; post-traumatic stress disorder
(PTSD); eating disorders; and addiction to nicotine, alcohal,
and other substances, among others. Through research
efforts led by NIAAA, NICHD, NIDA, NIEHS, NIMH, and
other ICs, NIH focuses on understanding the causes of
these conditions (e.g., the underlying neural and behavioral
bases) and their effects (e.g., the acute and long-term
effects of substance abuse and dependence on the
nervous system) so as to develop effective therapies and
interventions for treatment and prevention.

Communication disorders can make it challenging for a
person to sense, interpret, and respond to environmental
stimuli. Not only do communication disorders compromise
a person’s physical health, but they also affect that person’s
emotional, social, recreational, educational, and vocational

life. For example, one such disorder, aphasia, results from
damage to portions of the brain that are responsible for
language. These heterogeneous disorders usually occur
suddenly, often as the result of a stroke or head injury, but
they may also develop slowly, as in the case of a brain
tumor, an infection, or dementia. NIDCD, NINDS, NICHD,
NIMH, and NIA support research on these disorders. The
goal of this research is to develop therapies to improve an
individual’s ability to communicate by helping the person
use his or her remaining capabilities, to restore language
abilities as much as possible, to compensate for language
problems, and to learn other methods of communicating.

NEI funds research on basic visual neuroscience in the
eye and brain and on diseases and conditions that affect
vision. NIDCD conducts and supports biomedical and
behavioral research, as well as research training in the
normal and disordered processes of hearing, balance,
taste, smell, voice, speech, and language related to
answering fundamental scientific questions and to prevent,
screen, diagnose, and treat human communication-related
disorders. And NIA supports basic and clinical research

on sensory and motor changes that occur as a result of
advancing age.

NIH-supported research also studies the many ways the
nervous system interacts with and regulates changes in
the body’s internal environment. This research, including
efforts supported by NHLBI, NIA, and NIDDK, focuses
on such areas as circadian rhythms and sleep disorders;
neuroendocrine processes that regulate or respond

to stress, hormone levels, and motivational states;

and the neural basis of appetite and feeding, which

is of key relevance to slowing the increasing rates of
obesity worldwide.

Nervous system disorders may arise during early
development, strike young adults, or emerge late in life.
NICHD, NIEHS, and other ICs sponsor research on the
development of the nervous system and its functions. This
research encompasses studies of structural birth defects,
including spina bifida and other neural tube defects;
associated conditions, such as hydrocephalus, cerebral
palsy, and Down syndrome; and other causes of intellectual
and learning disabilities. Nervous system development in
humans continues into early adulthood, and developmental
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processes and external influences contribute to mental
fitness and disease risk later in life, including the risk for
addiction, which often begins in childhood or adolescence.
At the other end of the lifespan, with key support from NIA,
NINDS, and NIEHS, NIH research on the aging nervous
system includes studies of age-related disorders, such as
AD and other dementias, as well as environmental and
lifestyle factors affecting brain, cognitive, and emotional
health in aging populations. Because individuals with Down
syndrome are predisposed to early onset AD, NIA and
NICHD has developed initiatives to identify early AD markers
in people with Down syndrome, which may enhance our
understanding of AD in the general population as well.

Across all ages, the nervous system is a common target
of exposure to toxins, pollutants, metals, food ingredients,
and other agents, the effects of which range from acute

reactions to developmental disruption to neurodegeneration.

NIH-sponsored research on the consequences of such
environmental exposures for nervous system development,
function, and disease is a particular focus of NIEHS,
including the Centers for Neurodegeneration Sciences,

an initiative focused on integrating basic and clinical
research on the environmental and genetic interactions that
contribute to PD and related neurodegenerative diseases.

NIH also supports collaborative research and capacity-
building projects on nervous system disorders from a
global point of view. The Brain Disorders in the Developing
World: Research Across the Lifespan program, led by FIC,
supports innovative neuroscience-related research and
research training projects in LMIC that contribute to the
long-term goal of building sustainable research capacity in
nervous system function and impairment throughout life.

Neurodevelopment, neuroplasticity, and neurodegeneration
are common themes that reflect shared biological
processes found in many aspects of nervous system
function and disease. The remainder of this section will
highlight selected examples of activities and progress in
NIH-enabled neuroscience research across different ICs

as well as challenges and future opportunities. Additional
activities and initiatives will exemplify how collaborative
approaches are facilitating advances in basic, translational,
and clinical neuroscience.

Research activities relevant to neuroscience and disorders
and conditions affecting the nervous system are also
described in other sections of this report. For example, for
information on NIH research on stroke and chronic pain,
see the section “Chronic Disease and Organ Systems” in
this chapter. Similarly, see the section “Life Stages, Human
Development, and Rehabilitation” in this chapter for more
information about research on certain neurodevelopmental
and age-related disorders as well as additional information
on neuroprosthetics research.

Neurodevelopment: Periods of Growth,
Maturation, and Vulnerability

Complex interactions between gene expression and
function, endocrine and other physiological processes,
neuronal activity, and external influences guide the
development of the nervous system. From the early
differentiation of its many neuronal and other cell types

to the establishment of billions of connections between
neurons, each step in nervous system development

is vulnerable to disruption by disease, injury, or
environmental exposures. NIH research across all stages of
neurodevelopment is leading to a better understanding of
neurological, mental, and behavioral function in health and
disease throughout life, as well as to new treatments and
preventive strategies.

How is it that a person’s blood cells and brain cells contain
the same DNA within them, yet look different, have different
proteins, and serve such obviously different functions?
How can the identical genome create such diversity?

The answer is that only a fraction of the genome’s DNA

is expressed in any given cell, and the specific genes

that are expressed define the cell’s identity: one pattern
defining blood cells and another pattern defining brain
cells. The main translator between DNA and protein is
RNA. Every cell type has a distinct RNA profile—called

its transcriptome. Supported by NIMH funding from the
American Recovery and Reinvestment Act, a consortium
of investigators from the Allen Institute for Brain Science,
the University of Southern California, and Yale University is
creating an atlas of the brain’s transcriptome in a project
called BrainSpan.®' BrainSpan represents a map of how

381 http://www.brainspan.org.
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the genome is translated throughout the development of the
human brain. The investigators have made a key finding:
The gene expression pattern in the fetal brain differs so
greatly from the pattern observed in the adult brain that the
fetal brain could almost be considered a different organ.
Moreover, BrainSpan researchers have aligned particular
aspects of the fetal brain transcriptome with risks for
schizophrenia. These findings underscore the importance

of studying the developing brain in order to understand
neuropsychiatric disorders. 32

Developmental disability is a severe, long-term disability

that can affect cognitive ability, physical functioning, or

both. According to CDC, an estimated 37 million—53 million
people in the U.S. have physical and mental disabilities.®®®
The Eunice Kennedy Shriver Intellectual and Developmental
Disabilities Research Centers support projects that

address cerebral connectivity; genetics and environmental
influences on brain development; efforts to prevent and treat
conditions ranging from brain injury in premature infants to
ASD; and research programs in genetic/genomic disorders,
inborn errors of metabolism, and mitochondrial disorders.

In addition, through its Hunter Kelly Newborn Screening
Research Program, NIH is supporting the development of
technologies and therapies for newborn screening and for
screenable disorders as well as providing an infrastructure
to support newborn screening research. The goals are to
develop fast, reliable, and cost-effective means to screen
newborns and to expand the number of conditions these
tests can assess. Such screening makes it possible to begin
treatment early, when chances for success are greatest.

Other Institutes also support research on brain development
and neurodevelopmental disorders. For example, extremely
low gestational age neonates (ELGANS) born before 28
weeks of gestation are at high risk for death or moderate-
to-severe neurodevelopmental impairment. The Preterm
Epo Neuroprotection Trial supported by NINDS seeks to
determine whether neonatal treatment with recombinant
erythropoietin (Epo) will decrease early mortality and
neurodevelopmental disability in ELGANS, as measured

at two years of age. Epo is a widely available drug with

%2 Gulsuner S, et al. Cell. 2013;154(3):518-29. PMID: 23911319.

383 http://www.cdc.gov/features/ada-anniversary/index.html. Note that this source
estimates the total number of people with physical and/or mental disabilities, but
does not distinguish the subset of those with developmental disabilities.

promising neuroprotective properties, and it has been used
safely in neonates to stimulate red blood cell production.
NINDS also funds an ongoing study to identify markers that
may indicate which ELGANSs are at most risk for long-term
neurological deficits, which could facilitate early intervention.

NINDS-supported research on Down syndrome includes (1)
studies in mouse models to determine which of the genes
triplicated in Down syndrome are responsible for cognitive
deficits and (2) a milestone-driven small business research
project to develop a drug therapy to improve cognitive
function in people with the disorder. NIH’s establishment

of a new Down syndrome registry, for which the plan

was supported by the public-private Down Syndrome
Consortium, will enable people with Down syndrome and
family members to enter contact information and health
history in an online, secure, confidential database. Registry
participants will be able to customize and update their
information and choose which information they would like to
display, including reminders about their own medical care.
Ultimately, the repository will be able to link biorepositories
to tissue samples and other resources, with a goal of
making it easier for patients to take part in clinical studies for
new medications and other treatments for Down syndrome.

Prenatal alcohol exposure is the leading preventable cause
of birth defects and developmental disorders in the U.S. In a
study supported by NIAAA, NIDA, and NICHD, researchers
found that brain growth and remodeling observed during
normal development was disrupted in the brains of children
who were heavily exposed to alcohol in utero, compared to
unexposed children. The finding suggests that heavy alcohol
exposure during gestation may have long-term effects

on brain maturation; however, environmental influences
during childhood also may play a role in the developmental
trajectory of prenatally exposed children.®8

Both genetic and environmental factors influence nervous
system development and function, and a growing area

of neuroscience research focuses on how genes and the
environment interact to influence both disease course
and treatment for a range of disorders, including multiple
sclerosis, PD, depression and other mood and anxiety
disorders, addiction, and ASD.

%4 Lebel C. et al. J Neurosci. 2012;32(44):15243-51. PMID: 23115162.
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ASD is a complex neurological disorder that affects children
and adults with varying degrees of severity. Although ASD
is characterized by challenges in three core domains of
functioning (social impairments; communication difficulties;
and restricted, repetitive, or stereotyped patterns of
behavior), considerable variability exists between individuals
with autism spectrum disorder in these and other

clinical features, suggesting the contribution of multiple
developmental trajectories and causal factors. To better
understand the complexity of ASD, NIH supports research
on the potential causes of the disorder, including inherited
or spontaneous alterations in specific genes, exposures

to environmental risks or hazards, or a combination of

both genetic and environmental risk factors. ASD research
activities are coordinated across NIH through the NIH
Autism Coordinating Committee (NIH ACC), which includes
participation from seven 1Cs.*® The NIH ACC also closely
follows the activities of the federal Interagency Autism
Coordinating Committee (IACC) and, in particular, works to
ensure that research objectives —designated in the IACC
Strategic Plan for Autism Spectrum Disorder Research—
are met as they apply to the missions of the NIH Institutes,
including objectives targeting research on the possible
genetic and environmental etiology of autism.®8®

In 2012, a consortium of investigators supported by NIH
identified spontaneous genetic mutations that were highly
associated with familial risk of ASD. Moreover, fathers

were four times more likely than mothers to transfer these
specific genetic mutations to offspring, and the number of
these genetic mutations was higher among older fathers.%"
These spontaneous mutations may reflect cumulative
environmental exposure as a father ages. NIH Institutes also
have collaborated to support large research initiatives such
as the Early Autism Risk Longitudinal Investigation study.
Supported by NIEHS, NICHD, NIMH, and NINDS, the study
examines risk factors in mothers of children with ASD at the
start of a new pregnancy, documenting the development of
the newborn siblings through age three.

In mid-2013, NIH-funded researchers discovered that
people with disorders traditionally thought to be

385 The seven NIH ACC Institutes and Centers are NCCAM, NICHD, NIDCD,
NIEHS, NIMH, NINDS, and NINR. Representatives from NIAID participate in NIH
ACC meetings as well.

386 http://iacc.hhs.gov/strategic-plan/2013/index.shtml.

%7 O’'Roak BJ, et al. Nature. 2012;485(7397):246-50. PMID: 22495309

distinct—ADHD, ASD, bipolar disorder, major depression,
and schizophrenia—were more likely to have suspect
genetic variation at the same four chromosomal sites,
including risk versions of two genes that regulate the flow
of calcium into cells. Evidence for such genetic overlap
previously had been limited to pairs of disorders. Another
team of researchers, funded by NIMH, found that early
signs of autism can be detected in 6-month-old infants.3®
Thus, some of the first signs of ASD, such as limited visual
attention to social scenes, can be detected very early in
development, well before the emergence of diagnostic
features. Although it may be too soon to push the age of
diagnosis down to the first year of life, the study suggests
an important direction for further research as well as a
tremendous window of opportunity to intervene.

Shifting from research on early intervention to overall health
outcomes, in FY 2012 NIMH funded the Study of Health
Outcomes in Children with ASD and Their Families, a
two-year project to explore the use of existing administrative
data to further our understanding of ASD, including
variables related to health outcomes, and the use of health
care by children with ASD and their families. Initial findings
from the study show that a valid ASD diagnosis can be
derived from a health insurance claims database. The study
has identified 33,000 individuals with ASD, nearly 100,000
of their family members, and more than 100,000 controls.
Children with ASD and their siblings had higher rates of
co-occurring health conditions than respective comparison
groups. Children with ASD and their families use health
care services at higher rates than children and families who
are not affected by ASD. Younger siblings of children with
ASD have a lower vaccination rate than younger siblings

of controls.®®

The human brain continues to mature into early adulthood,
and understanding normal nervous system development is
essential to knowing when, where, and how developmental
processes can go wrong. An improved understanding of the
normal course of human brain development is also yielding
insights into behavioral and cognitive development and
function across the lifespan. For example, previous brain

388 http://www.nimh.nih.gov/news/science-news/2013/five-major-mental-
disorders-share-genetic-roots.shtml.

389 http://www.nimh.nih.gov/news/science-news/2013/precursor-symptoms-to-
autism-detected-in-6-month-old-infants.shtml.

3% http://iacc.hhs.gov/events/2013/slides_anjali_jain 012913.pdf.
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imaging studies have shown that one of the last brain areas
to fully mature is the prefrontal cortex, an area important
for decision-making and impulse control. This aspect of
brain development may contribute to impulsive behavior in
teenagers and help explain their increased susceptibility to
substance abuse and addiction.

A number of human and animal studies have suggested
that the developing brain is vulnerable to heavy alcohol use
in adolescence. NIAAA's National Consortium on Alcohol
and Neurodevelopment in Adolescence, a longitudinal
study of 800 youth ages 12-21, was launched in FY 2012
to elucidate the short- and long-term effects of alcohol
exposure on the developing adolescent brain and to identify
brain characteristics and/or changes that may predict risk
for developing alcohol use disorders.

NIH investigators already are using knowledge about
human brain and behavioral development to guide research
on interventions to treat nervous system disorders or to
reduce their risk of occurrence later in life. For example,
researchers reporting delayed development of the prefrontal
cortex in ADHD are now studying the effects of ADHD
treatment on the rate of cortical maturation. Research

has established that substance abuse is a developmental
disease beginning in childhood and adolescence. Therefore,
prevention strategies must focus on developmentally
appropriate interventions for youth. In fact, universal
prevention approaches that teach all children (regardless of
risk) problem-solving, refusal, and coping skills have proven
successful, not just in reducing future drug abuse risk but
also other related risk behaviors. The NIAAA Underage
Drinking Initiative similarly supports research on the risk
factors associated with underage drinking as well as efforts
to develop and implement effective interventions within a
developmental framework.

Neuroplasticity: Substrates
for Change and Repair

Throughout development, and even after basic structure
and circuitry have been established, the nervous system
retains a remarkable capacity to adapt to changes in
the body'’s internal environment and external conditions
and events. This capacity, known as plasticity, reshapes

the function and activity of neuronal networks, and it

occurs at many levels of the nervous system. Plasticity
enables beneficial adaptations, generally associated with

a gain in function, including acquiring new knowledge,
improving performance, and adjusting behavior. However,
neuroplasticity can also lead to maladaptive changes
associated with negative consequences, which contribute to
a range of conditions, including mood disorders, addiction,
chronic pain, and cognitive impairment. Neuroplastic
changes also are intrinsically connected to biological

events such as neurogenesis, neurodegeneration, neuronal
sprouting, and changes in signal transduction pathways,
which all play a role in several neurological disorders.
Maladaptive plasticity can also arise as a consequence of
long-term drug exposure, as in cases of drug abuse and
levodopa-induced uncontrolled movements (dyskinesias)

in patients with PD. By better understanding the underlying
mechanisms of neuroplastic changes in the nervous system,
researchers may be able to harness their therapeutic
potential and limit their deleterious consequences.

Plasticity-related processes in brain circuits contribute to
many of the underlying causes of epilepsy, which include
developmental malformations; genetic mutations; trauma,
such as stroke or head injury; brain tumor; and central
nervous system (CNS) infection and inflammation. In April
2013, NINDS hosted “Curing the Epilepsies 2013: Pathways
Forward,” the third in a series of Curing the Epilepsies
conferences held in partnership with epilepsy advocacy

and professional organizations. These conferences have

led to the development of Benchmarks for Epilepsy
Research, which reflect priorities shared across the epilepsy
community for research toward clinically meaningful
advances in understanding and treating the epilepsies. With
input received during and before the conference, NINDS
developed the 2014 Benchmarks for Epilepsy Research as
a framework for focusing research and tracking progress
over the next 5-10 years.*®' A range of comorbid conditions
beyond seizures can affect people with epilepsy, including
depression, cognitive and behavioral impairments, and
neurodevelopmental disorders such as ASD and intellectual
disabilities. Among other updates, the 2014 Benchmarks

391 http://www.ninds.nih.gov/research/epilepsyweb/2014benchmarks.htm.
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will encourage the integration of research on epilepsy
comorbidities into epilepsy research as a whole to reflect the
complex relationships these conditions have with epilepsy
and seizures, underlying disease mechanisms, and effects
of epilepsy treatment.

One way NINDS is working to facilitate research outlined
by the Benchmarks is through the Epilepsy Centers without
Walls program, which supports research by multidisciplinary
consortia to solve specific challenges in the prevention,
diagnosis, or treatment of epilepsy. The first center to
launch, known as the Epi4K Consortium, has focused on
identifying genetic contributors to more common forms

of epilepsy by analyzing the genomes of 4,000 epilepsy
patients and families collected by several major research
groups across the world.?? Already, the Epi4K Consortium
has found new gene mutations associated with infantile
spasms and Lennox-Gastaut syndrome, severe forms of
childhood-onset epilepsy that are difficult to treat and are
associated with intellectual and developmental disabilities.*
Interestingly, the identified genes showed substantial
interconnections with genes and gene networks previously
linked to intellectual disability and ASD. NINDS also has
supported planning grants in advance of potential Centers
without Walls to address additional challenges in epilepsy
research, including Sudden Unexpected Death in Epilepsy,
which occurs at a higher rate than sudden death in the
general population, and the development of treatments to
prevent epilepsy or modify the course of disease.

Mental disorders are associated with functional changes in
highly plastic brain areas that play a key role in cognition,
complex decision-making, and impulse control. Harnessing
this inherent plasticity holds promise for the development
of more precisely tailored interventions. For example,
antidepressant or cognitive behavioral therapies for major
depression generally require six to eight weeks to have

an effect. NIMH is funding research on next generation
antidepressants, which have been shown to reduce
depression, including thoughts of suicide, within six hours,
with effects persisting in many cases for up to a week after
a single intravenous infusion. In addition, the Rapidly-Acting
Treatments for Treatment-Resistant Depression initiative is
leveraging the development of rapidly-acting treatments
m/eoi4k—comsortium/.

395 Epi4K Consortium, et al. Nature. 2013 Sep 12;501(7466):217-21. PMID:
23934111,

for severe, treatment-resistant depression. The initiative

is establishing a small team of sites that will focus on
identifying and testing promising pharmacological and/or
nonpharmacological interventions that produce a substantial
antidepressant effect within 72 hours of initial administration.
The initiative also aims to conduct randomized clinical trials
that test these promising interventions in adult patients
diagnosed with treatment-resistant depression.

Neuroplasticity also underlies a range of changes in brain
function and behavior involved in the development and
persistence of addiction. For example, a recent study
conducted by NIAAA intramural investigators demonstrated
that chronic alcohol exposure in mice results in brain
adaptations that shift behavior control away from the
prefrontal cortex toward the dorsal striatum, a region of

the brain associated with motivation and habit formation.
This finding provides a biological mechanism that may help
explain the progression of alcohol use disorders.®*

While opioid analgesics are currently the most powerful
medications on the market for chronic pain, frequent use
of these drugs can cause plastic changes in the nervous
system that put patients at risk, making them vulnerable
to addiction, tolerance, and physical dependence. This
risk limits the drugs’ long-term treatment value. Scientists
are working toward the development of a morphine-like
drug that will have the analgesic qualities of morphine, but
without the drug’s negative side effects. Another focus of
NIH-supported research to develop new pain treatments
is the cannabinoid signaling system. Just as the brain
produces natural opioid-like compounds, it also produces
natural compounds that act on the same receptors as the
neuroactive component in the cannabis plant (marijuana).
Cannabinoid signaling modulates neuronal activity and
plasticity and also plays a role in modulating pain. Research
suggests that selective activation of cannabinoid

signaling pathways may provide pain relief with minimal
mind-altering effects.

Maladaptive nervous system plasticity has been recognized
as the underpinning of the chronicity of many pain
disorders, and mechanisms of these changes are the focus
of much NIH-supported research. For example, through

3% DePoy L, et al. Proc Natl Acad Sci U S A. 2013 Sep 3;110(36):14783-8.
PMID: 23959891.
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NIH support, researchers are exploring the role of increased
activity of neurotransmitters in enhancing neuronal activity
in response to pain as well as changes in functional
connections among pain-related neural circuits. NIH-funded
research also has demonstrated the role of increased
activity in certain brain structures in amplifying pain signals
or causing or maintaining persistent pain. An important area
of research has shown that changes in cortical brain circuits
of people with acute low back pain can predict who is likely
to recover and who is likely to develop chronic back pain
even though the injuries are similar.3%

NIH-supported researchers have also reported new findings
on the mechanisms that lead to neuropathic pain induced
by nerve injury or disease. Following injury, the nervous
system undergoes a tremendous reorganization. Thus,
therapies directed at preventing these long-term changes
may prevent the development of chronic pain conditions.
Most available treatments for neuropathic pain target
neurons, and some approaches are being developed to
deliver therapeutic agents directly to nerves that carry

pain signals. In addition, recent findings highlight the role
of certain enzymes released by non-neuronal cells called
glia, which are involved in immune and inflammatory
responses to nerve injury. Ongoing research to develop
novel treatments targeting glia may provide a way to halt the
maladaptive signaling cascade that results in neuropathic
pain and other chronic pain conditions. Preliminary
veterinary trials show promise for long-term pain relief with
such glia-targeted approaches. NIH also supports efforts
to understand how specific drug and nondrug therapies,
such as yoga, alter pain-adapted neural networks and
thus determine the mechanism of certain therapeutic pain
interventions. Future research will focus on whether brain
activity profiles measured by brain imaging methods can
be used as a biomarker that would allow for an objective
diagnosis of different pain conditions and for the prediction
of individual responses to specific therapies.

Although plasticity can lead to changes in neural activity
patterns throughout life, the adult human brain and spinal
cord have limited capacity to replace or repair neurons
and long nerve fibers that are lost or damaged by injury
or disease. An exciting area of neuroscience research
focuses on ways to overcome these limitations and to

%% Baliki MN, et al. Nat Neurosci. 2012. 15(8): 1117-9. PMID: 22751038.

harness neuroplasticity mechanisms to promote recovery
and restore function. For example, spinal cord injury often
leads to permanent paralysis and loss of sensation below
the site of injury, because damaged nerve fibers are unable
to regrow across the injury site. NIH supports research to
understand the mechanisms that restrict such regrowth
and to design strategies that integrate new nerve fibers into
spinal circuitry. A recent NIH-supported study, building on
decades of prior research, demonstrated that a combination
of intensive training and electrical stimulation of the spinal
cord stimulated plasticity in the spinal cord to enable four
completely paralyzed individuals to regain some voluntary
movement in their legs.3%: 397

The high rates of TBI in the general population, in athletes,
and among military personnel also has increased attention
on recovery, rehabilitation, and brain plasticity. Published
data on TBI patients suggest that gene polymorphisms
related to neuroplasticity may play a role in the variability of
recovery. Ongoing TBI research projects supported by NIH
are investigating the mechanisms of cognitive, attentional,
memory, and motor problems and exploring how plasticity
contributes to recovery.

3% Harkema S., et al. Lancet. 2011;377:1938-47. PMID: 21601270.
397 Angeli CA, et al. Brain. 2014;137:1394-409. PMID: 24713270.

Figure 3-5. 3-D MRI of a human brain reveals injury (in red)
to the brain’s coverings following mild head trauma. Credit:
Lawrence Latour, Ph.D., NINDS.
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Recent advances in TBI research include findings by NINDS
intramural researchers who observed the complex cellular
responses that occur in response to mild TBI—including the
cascade of damage at the vascular, cellular, and molecular
levels that spread injury—and the brain’s self-protective
responses.®® In addition, the researchers found that an
antioxidant could penetrate the brains of mice through the
skull and prevent more widespread damage.

Neurodegeneration: Fighting the Effects
of Age, Exposure, and Disease

The progressive loss of neurons is a common endpoint of
many diseases and insults to the nervous system. Such
degeneration presents challenges to developing strategies
to slow and prevent cell death, protect remaining neurons,
and possibly replenish those that are lost. Aging is the most
consistent risk factor for many disabling neurodegenerative
disorders. As the number of older people in the U.S. is
projected to increase dramatically in the coming decades,
it is imperative to discover new and more effective ways

to improve the health and productivity of this segment of
the population.

NIH research on neurodegenerative diseases focuses on
understanding their biological and environmental causes,
and on efforts to develop interventions that not only
alleviate their symptoms, but also may slow or even stop
disease progression.

NIEHS has launched an exploratory grant program,
Research Linking Environmental Exposure to
Neurodegenerative Disease, to spur development of
feasibility data for new concepts or adaptation of new
technologies, tools, and methods, with an emphasis on
establishing the importance of environmental exposure in
causing AD, ALS, and PD. A similar program is focused
specifically on linking environmental exposures to the
development of AD.

AD is the most common cause of dementia in older people,
although some inherited forms of the disease become
symptomatic in middle age. Although existing treatments
can help to manage symptoms in some people, they cannot
cure this devastating disease.

% Roth TL, et al. Nature. 2014;505(7482):223-8. PMID: 24317693.

President Barack Obama signed the National Alzheimer’s
Project Act (NAPA) into law on January 4, 2011. NAPA
established the National Alzheimer’s Plan and requires the
HHS Secretary to:

e Create and maintain an integrated national plan to
overcome AD and related dementias

e Coordinate research and services across all
federal agencies

e Accelerate the development of treatments that prevent,
halt, or reverse the disease

e Improve early diagnosis and coordination of care and
treatment of the disease

e Improve outcomes for ethnic and racial minority
populations at higher risk

e Create an Advisory Council to review and comment on
the national plan and its implementation

e Coordinate with international bodies to fight AD globally

Under NAPA, the National Plan to Address AD was released
on May 15, 2012, and is updated annually.®*®

NIH, with NIA taking the lead, supports a comprehensive
research portfolio on AD, including basic research,
epidemiological studies, and clinical trials, to better
diagnose, prevent, and treat AD. In response to guidance
from NAPA and the National Plan, NIA convened the
Alzheimer’s Research Summit 2012: Path to Treatment and
Prevention to inform the research agenda going forward.
Groundbreaking studies are now underway. For example:

e The Alzheimer’s Prevention Initiative APOE4 Trial will
test two anti-amyloid drugs in cognitively normal older
volunteers who are at increased risk of developing
late-onset AD because they inherited two copies of the
APOEA4 allele, the best known genetic risk for late-
onset disease. Participants will be assessed through
cognitive tests, brain imaging, and cerebrospinal fluid
measurements to evaluate whether the drug impacts
amyloid, other biological measurements, and the memory
and thinking problems related to the disease. The study
will test the role of amyloid in the development of AD

3% http://aspe.hhs.gov/daltcp/napa/.
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and will, through imaging and biomarker techniques,
help identify faster ways to evaluate other promising
prevention therapies in the future.

e The Anti-Amyloid Treatment in Asymptomatic Alzheimer’s
Trial will test the drug solanezumab in 1,000 cognitively
normal volunteers, aged 65-85, who have enough of the
amyloid protein in the brain, as identified through PET
amyloid imaging, to put them at risk for developing AD
but do not show clinical symptoms of the disease.

e The Dominantly Inherited Alzheimer’s Network
Therapeutic Trials Unit will study the effects of different
treatments among individuals who are at high genetic
risk for developing the disease because they have one
of the three genetic mutations for early-onset dominantly
inherited AD.

Other ongoing AD research initiatives include:

e A five-year clinical trial to determine if an antibody
treatment, crenezumab, designed to bind to and possibly
clear away abnormal amounts of amyloid protein in the
brains of people with AD, can prevent decline in cognitive
function. Crenezumab will be tested among members
of a unique and large family population in Colombia who
share a genetic mutation known to cause observable
signs of AD at around age 45.

e Basic research projects on aging and AD funded by NIA
and other Institutes apply directly to understanding the
etiology of AD. Major research areas include studies on
inflammation, protein quality control, and response to
stress. Findings in these domains are likely to shape our
approaches at combating AD.

e One hallmark of AD is abnormal deposits of beta-amyloid
protein in the brain. These deposits trigger a harmful
chain reaction that interrupts the processes that brain
cells use to form or maintain connections with each
other. NIH neuroscientists, studying visual development
and memory formation in the brain, have discovered a
protein that could be a missing link in AD progression.
This protein may play a similar role in humans, and a
drug that blocks this protein might prevent the effects of
beta-amyloid deposits in AD.4%°

40 Kim T, et al. Science. 2013;341(6152):1399-404. PMID: 24052308.

e Through an initiative within the Common Fund

Epigenomics Program, NINDS and NIA funded a
large project investigating the role of DNA functional
modifications in the cognitive impairment associated
with AD.

The AD Genetics Initiative has facilitated the recent
identification of new candidate risk factor genes through
GWAS and other high-throughput technologies. This
initiative will speed the pace of discovery by providing

a centralized resource for investigators to access,

study, and share data relevant to AD. NIH-supported
investigators are also key partners in the International
Genomic Alzheimer’s Project, which recently conducted
GWAS meta-analyses and identified 11 new susceptibility
loci for AD.4°1

In 2012, NIA and NHGRI established the Alzheimer’s
Disease Sequencing Project (ADSP). The overarching
goals of the ADSP are to (1) identify new genomic
variants contributing to increased risk of developing

AD, (2) identify new genomic variants contributing to
protection against developing AD, and (3) provide insight
as to why individuals with known risk factor variants
escape from developing AD. ADSP data are expected

to be made available to researchers worldwide to boost
efforts to identify genomic risk factors for this disease.

The second iteration of the AD Neuroimaging Initiative
(referred to as ADNI2) investigates changes in brain
structure and function as people transition from normal
cognitive aging to mild cognitive impairment (MCI) to
AD. An innovative public-private partnership, ADNI

has stimulated the development of more sensitive
tools for tracking the development and progression of
MCI and AD. Other ADNI projects include a genome-
wide association dataset of study participants and a
longitudinal study of cerebrospinal fluid samples collected
from study participants.

The AD Translational Initiative for drug discovery and
development supports studies leading to the submission
of an investigational new drug (IND) application to FDA,
a prerequisite for beginning human trials of potential
new therapies.

401 Lambert JC, et al. Nat Genet. 2013;45(12):1452-8. PMID: 24162737
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e Human Cell Reprogramming for Aging and AD is
an initiative supporting the development of induced
pluripotent stem (iPS) cells to facilitate the study of the
genetic, molecular, and cellular mechanisms underlying
human aging and AD.

e The Alzheimer’s Disease-Related Dementias: Research
Challenges and Opportunities conference**? was held
by NINDS in May 2013 in collaboration with NIA and
with support from several foundations. The conference
included an international group of experts that developed
prioritized recommendations for research on AD-related
dementias (such as frontotemporal degeneration,

Lewy body disease, vascular and mixed dementias),
including research relevant to clinical diagnosis and
health disparities in AD-related dementias. These
recommendations with milestones and success criteria
will be formally included in the next revision of the
National Plan to Address Alzheimer’s Disease.

e NINDS and NIA are supporting a large NIH intramural
research project in which researchers will perform
whole-exome sequencing of DNA samples from more
than 1,500 people with frontotemporal dementia (FTD)
and 1,300 people with dementia with Lewy Bodies to
characterize chromosomal regions that are associated
with a risk of developing these diseases. This project is
part of a large international collaboration to understand
the genetic causes of these AD-related dementias.

¢ Research indicates that vascular disease contributes
to the development and progression of AD. In a recent
study,“® researchers used transgenic mice to study
how beta-amyloid interacts with pericytes, cells that are
important for controlling the movement of molecules into
and out of blood vessels in the brain. They found that
beta-amyloid deposition impairs the function of pericytes,
decreasing their ability to remove beta-amyloid from the
brain and causing it to accumulate further. These findings
suggest that pericytes and other blood-brain barrier cells
may be new therapeutic targets for treating AD.

NIH currently supports over 35 clinical trials investigating
a wide range of interventions to prevent, slow, or treat
AD and/or cognitive decline; many of these trials are
coordinated through the long-running AD Cooperative
Study. Examples of highly promising studies include a trial

402 http://www.ninds.nih.gov/ADRD2013.
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on a nasal-spray form of insulin to delay memory loss and
preserve cognition and a trial of a monoclonal antibody
against beta-amyloid in healthy older people who have
brain amyloid deposits and are thus at risk of developing
AD. Finally, a joint effort between NIA and the Alzheimer’s
Association has made possible the first revision of the
clinical diagnostic criteria for AD in 27 years. The new
guidelines address the use of imaging and biomarkers to
determine whether AD causes changes in the brain and
body fluids.
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